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PREFACE 


This work was originally intended to be one of the guide books of 
the Museum of the Chinese Geological Survey. There is in this 
Museum a stratigraphical section where each period of the Geological 
History is represented by specimens of rocks and fossils accompanied by 
descriptions both in Chinese and English and by illustrations. These — 
descriptions and illustrations were prepared by different members of the 
Survey, each treating the part best known to him, with the larger 
number by Dr. Grabau who is in charge of paleontolgical researches. 
When entrusted with the task of putting together. these descriptions 
with necessary revision in the shape of a guide book, Dr. Grabau found 
that since these descriptions were written in 1921-1922, new material 
was so fast accumulated, especially by the recent expeditions of the 
Survey, that many additions and expansions were necessary in order to 
give a complete idea of Chinese stratigraphy. 


On the other hand Dr, Grabau’s studies on the paleogeography of 


Asia have made such progress and are of such high scientific interest 


’ that the Survey decided to publish them at an early opportunity. 


These studies are of course closely connected with the stratigraphy of 
China and can be conveniently published together. 


Again experience has proved it desirable, and even necessary, to 
supply to the geologists working in the field some general summary of 
the geology of Asia in large, and of this country in particular, showing 
them what has been done and thence what is to be done. Illustrations 
of typical sections and index fossils of the different formations were also 
thought useful to those geologists who are pursuing extensive field 
work and who have not much time to devote to literary research. 


It is the combination of all these schemes which results in the 
publication of the present work. This is mentioned in order to explain 
some of its features which may seem peculiar otherwise. Thus a few 
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paragraphs are directly taken from the Museum descriptions written by 
others, as J. G. Andersson, V. K. Ting, ete. which the author carefully 
acknowledges in the respective foot notes. 


As it now stands this work is not only important because of the 
large amount of literary references it contains but also as a record of 
many new facts recently observed by the Survey geologists and palwon- 
tologists and published here for the first time. In fact the publication of 
the detailed reports by the field geologists is much behind the recent 
progress of their work. But isolated facts acquire their full significance 
only when they are gathered together into a general review such as the 
present work of Dr. Grabau constitutes. The paleogeographic maps and 
other stratigraphic interpretations based on such new observations, as 
well as a thorough digestion of geological literature of Asia such as has 
never been done before, will constitute, it is believed, important additions 
to the Science of the Earth. It is in this hope, to contribute to the 
advancement of our great science and to help all workers on the geology 
of this country, that the present work is edited by the Chinese Geologic- 
al Survey. 


V.K. Tina, W. H. Wona. 


Directors 
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AUTHOR’S PREFACE. 


This book is primarily written for the advanced student and the 
workers in Chinese geology, with the intent of summarizing what has so 
far been accomplished in etratigraphic exploration in China and in the 
adjoining Asiatic regions, and to make this knowledge serviceable as a 
foundation from which further studies may be carried on intelligently. 

The student of Chinese geology can not ignore what has been done 
in other parts of the Asiatic continent, but the results of such studies 
are too often buried in scattered literature and under a multitude of 
foreign tongues. The average student has not the means to refer to the 
literature or even to know where to find this, except by long continued 
browsing through a well-equipped library. To furnish a guide to the 
literature then becomes no less imperative than to briefly summarize 
the essentials of this literature, so that the student may be enabled to 
choose intelligently that which will serve his needs. For this reason 
the aim has been to make the bibliographies at the end of each chapter 
as complete as possible, including all that seemed important in the 
literature on Asia, and a3 much of European and American literature as 
has a more or less direct bearing on Asiatic geology. Iam well aware 
that my attempts in this direction are only partly successful. Situated 
as we are, far from the great library centers of the western world, with 
a library which, though growing daily in equipment and usefulness, still 
lacks much of the important older literature, it is not to be expected 
that all, even of the more important works can be listed, much less 
consulted and utilized in the development of this survey: of. Asiatic 
stratigraphy. But with the aid of our colleagues in all lands, and the 
recognition by governments, institutions of-learning and men of 
science, a3 well as men of affairs, in all parts of the world, of the 
earnestness which animates Chinese scholars, and the indomitable spirit 
with which they undertake the solution of the problems of earth science 
in their own country, we are confident that vast gaps in the library. will 
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gradually ta filled, and that in the not too distant future, this part of 
the world will become a great library center as it will become a center 
of scientific research. 


Meanwhile the Survey will issue from time to time supplements to 
the present volume as well as to the second part, incorporating not only 
the new discoveries and interpretations in Chinese geology, but also 
bringing the bibliographic references up-to-date and including such 
works as had previously been omitted. 


In the preparation of a work of this kind much aid is obtained from 
the general works of reference in existence. And here I wish to note 
first of all that indispensable reference work for all students of strati- 
graphy, the Traité de Géologie by Emile Haug, especially the second 
volume: Les Périodes Géologiques. More than ever before, I have realized 
the wide scholarship and breadth of knowledge of this, my valued French 
colleague, and I take this opportunity of expressing my admiration for 
his profound learning and his patience in bringing together the essentials 
of detail for ali the countries of the earth. The extensive bibliographies 
in his volumes are an aid which only the special student can fully - 
appreciate, and for nearly all literature other than that pertaining to 
Asia, the student is referred to this work. The Paleozoic volume of the 
Lethza by Frech, though of immense value, is more difficult for students 
to use) because of the rather unsystematic treatment of the subject, but 
the Triassic volume, the only other so far completed, is a model of what 
such works should be, and is indispensable to the student and worker. 
The various numbers of the “‘Handbuch der Regionalen Geologie’? 
dealing with Asiatic territory, contain of course the most complete and 
up-to-date summaries of the stratigraphy of the regions concerned, and 
should serve for constant reference, Suess’ ‘‘'The Face of the Earth” too, 
though very difficult to use, because of the scattering of the stratigraphic 


facts among discussions of structure and physiography, is a work of the ~ 
highest importance. 


Of the publications by government surveys and scientific institutions 
in Asia, those of the Indian Geological Survey should first of all be 
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mentioned, as they are beyond compare the works of prime necessity to 
the student of Asiatic, and more especially Chinese stratigraphy, 
bordering as they do on, and even entering into, Chinese territory on 
the south. The great monographs of Mansuy and his colleagues 
describing the fossils of Indo-China, and the more recent work of the 
Geological Survey of Indo-China correcting the mistakes, and extending 
the work of the older Survey, need only be seen to be appreciated. One 
might wish that the descriptions of fossils were less scattered, that the 
fascicles, as issued, would confine themselves to one horizon or one 
locality or to one class of organisms, which would greatly facilitate their 
use by the student. But of their intrinsic value and surpassing 
importance to the student of Chinese stratigraphy and paleontology, 
there can be no question. 


The work of the Dutch and German geologists in the East Indies, 
and that of the French in Madagascar is of great importance, especially 
for the student of the younger formations. One might wish that for 
the purpose of making their work accessible to a wider circle of students 
the Dutch geologists had more generally employed the allied German 
tongue, forgetting in the wider patriotism of the scientist the more 
circumscribed patriotism of the members ofa political unit. As it is, 
much valjuable work is buried in a tongue which must forever he alien 


to the majority of scientific workers, 


This complaint must be made with even greater vehemence 
against the Russians, whose work north of China, in Siberia and the 
Maritime Provinces, and on the west in Turkestan, etc. is of such 
intense significance to the student of Chinese geology. Yet it might 
almost as well be non-existent so far as its availability to the majority 
of geologists is concerned. Few geologists have the time, even if they 
have the ability, to acquire a reading knowledge of Russian, and there 
is no hope whatsoever that conditions will change in this respect in the 
future. For the sake of making their truly important scientific work 
available to the world, for the honor and prestige of their own country, 
Russian geologists should insist that they be permitted to publish their 
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official reports and their important scientific contributions in one of the 
three recognized languages of science, namely, English, German or 
French. At least the summaries in one of these languages should be 
more extensive, and should never be lacking as they are so frequently 


in the modern publications of the various Russian surveys. 


The practice of the Chinese Geological Survey of publishing the 
main body of a paper, which is of more than local importance, in 
English, French or German, and of giving only a summary in Chinese, 


is to be recommended to our confréres, both on the north and on the 
south-east, 


The importance of making their work available to the outside 
world has been fully recognized by the Japanese, who print all of their 
important articles in English or one of the-other of the three recognized 
languages of science, issuing in Japanese only such publications as are of 
purely local significance. In consequence it has been possible to utilize 
the Japanese literature to the fullest extent, and to give full recognition 
to the light which the Japanese researches have thrown on the geological | 
history of the continent. 


When we now turn to China proper, we recognize of course the 
fundamental debt which the Chinese geologist owes to the great pioneers 
in the scientific exploration of this country. That many of the Chinese 
in ancient times have contributed observations and deductions of value, 
is being more and more recognised as modern scholars call attention to 
these earlier works. But the stratigraphic and paleontological research 
in this country began with the work of Pumpelly, and especially the 
epoch-making journeys of Ferdinand Freiherr yon Richthofen. Few 
who have not been forced to study in detail these ponderous volumes of 
the record of von Richthofen’s explorations, can fully aaprediate their 
significance or realize the acumen, patience and energy of the author-- 
explorer who, working under the tremendous difficulties which confronted 


an explorer in these earlier days, yet achieved such success in laying 
the foundations of Chinese geology. 
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The two volumes on the Paleontology (IV and V) which complete 
this series, and which were the joint labor of Dames, Lindstrém, ~ 
Kayser, Schwager, Schenk and Frech, are of course fundamental. 
To the student of the invertebrate fossils of China the masterly work of 
Emanuel Kayser will serve as a model of what paleontological deserip- 
tion should be. There have of course been many others who have 
contributed to this field, and their work is mentioned in the text and 
bibliography, but to the venerable German palsontologist, Professor 
Kayser, students of Chinese invertebrates especially delight to do honor. 
The work of Schlosser on the fossil vertebrates of China should also be 
noted, as laying the foundation of Vertebrate Paleontology in this 


country. 


Next to the work of von Richthofen, that of von Loezy and his 
collaborators on the results of the journey of the Hungarian explorer, 
Count Bela Szechenyi, must be named among the classics of Chinese 
geological literature. Covering, as they do, much territory not visited 
by von Richthofen, they form an excellent supplement to the work of 


the earlier explorer. 


Following next in order is the work of the Carnegie Expedition 
carried on by the geologists Bailey Willis and Elliot Blackwelder and the 
topographer R.H. Sargent. In this work American methods of detailed 
mapping, and investigation of limited areas were applied, and for the 
territory covered they serve as models of their kind. Indeed the careful 
stratigraphic work of Blackwelder and the paleontological work of 
Walcott, Weller, Girty and David White have carried our understanding 
of Chinese stratigraphy and paleontology a long step in advance. If 
detailed study tends to modify the stratigraphic conclusions, or add to 
the fuller understanding of the stratigraphic succession, this in nowise 
detracts from the importance of the work of these men, who with 
Pumpelly, Richthofen and Loczy were the pioneers in the scientific 
exploration of this country. Attention should also be called to the 
importance for China of the work of the Third Asiatic Expedition of 
the American Museum of Natural History in Mongolia, whose explor- 
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ations, now carried out on an unprecedented scale, will in a few years 


accomplish what would otherwise’ require many decades of exploration. 


The Bulletins, Memoirs and maps published by the Chinese. 
Geological Survey are, of course, indispensable to the student of Chinese 
geology, containing a wealth of detailed information. In addition to. 
those already published, others are in course of preparation and will 
appear as fast as publishing facilities permit. The various fascicles of 
the Palzontologia Sinica published and in course of preparation will 
give a complete account of Chinese fossils. They appear in four series: . 
Series A, Fossil Plants; Series B, Fossil Invertebrates; Series C, Fossil 
Vertebrates; Series D, Ancient Man. They and the other publications 
may be obtained from the Survey librarian, 9 Ping-Ma-Sze, Peking.. 
Important shorter papers appear in the Bulletin of the Geological 
Society of China, obtainable at the same address. 


One feature of this book may be thought to need explanation more 
than any other, namely the palwogeographic maps. No doubt there 
will be many who will regard the attempt to depict the ancient 
geography of Asia at this stage of our knowledge as highly premature. 
Premature it would be if the attempt were made to present with any 
degree of finality the details of this geography, but for the mapping 
of the larger units there is a wealth of facts. The existence of the 
Angara Land of Suess on the north since mid-Paleozoic time, has long 
been recognised, as has also the existence of the Indian land-mass, 
which has commonly been made a part of an extensive continent: 
the Gondwana-Land, though in my opinion much of this landmass 
is purely hypothetic. Tibetia is a positive land-mags first recognized, 
ag ‘such, by Bailey Willis, while Cathaysia and Gobia are elements 
for the first time delimited by the present studies, The existence of 
these land-masses, and of the major geosynclines, may be considered as 
demonstrated, though no doubt much modification of detail will be 
required with the advance of our knowledge. It may be mentioned in 
passing, that the Mongolian geosyncline in Dinantian and Permian times 
was outlined upon the maps purely because of the requirements of 
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paleogeography, and without positive knowledge of the existence of 
marine strata of this age in the region included in the geosyncline. 
Subsequent discovery, by the Third Asiatic Expedition, of both Dinantian 
and Permian strata with rich marine faunas, in the very heart of the 
region thus outlined, demonstrated the soundness of the principles on 
which the construction of these maps are based. : i 


' Although the entire work has been ready for some time, the 
slowness of printing (which began over a year ago) has decided the 
Survey authorities to issue this work in two parts. he printing of 
the second part will begin as soon as the first is issued. Already the 
progress of discovery, during the past year, has been such as to make 
necessary the addition of a supplementary chapter to the Paleozoic. 
While the delay in the issuance of the second part is deplored, because 
of its unavailableness to the student, this delay is not without 
compensation, for it makes possible the inclusion of the most recent 


investigations in Mesozoic and younger stratigraphy. 


A work of this kind can not be brought together in a limited time 
without the aid of many colleagues and helpers. ‘To mention all would 
be to give a list of the Survey members from the Directors to the 
youngest assistant, and of all the members of the Third Asiatic Expedi- 
tion as well. A few must, however, be referred to in person. First of 
all I must record the unfailing encouragement and interest of the 
honorary director of the Survey, Dr. V.K. Ting, and of the active 
director, Dr. W.H. Wong. ‘The former aided the work especially by his 
keen criticisms, and the latter by his sympathy, keen understanding of 
the requirements of such a work, and willingness to carry it on as far 
as conditions permitted and to illustrate it as fully as possible. It was 
Dr. Wong who conceived the idea of expanding what originally was 
intended merely as a small museum guide, into an illustrated handbook 
for the use of students and workers in Chinese geology. Dr. J.G, 
Andersson, mining advisor to the Chinese Government and director of 
the Survey museum, not only aided in the formulation of {the plans for 
the book, but; himself contributed Za numberof articles to various 
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chapters, both in part I and part IT, as acknowledged in the text. For 
freé. permission to make use of. his researches, particularly in~ the 
Cenozoic and Psychozoie geology of China, I an also deeply indebted to 
‘Dr. Andersson, as well as for the constant and friendly criticism and 
fidvice during the years we haye been fellow students of Chinese 
stratigraphy and associates on the Survey. To Dr. H.T. Chang I am 
-indebted for the quotations from the Chinese Classics. The work of 
many of the younger men on the Survey is mentioned in the text, and 
their unpublished researches have been made full use of in this work. 
Their readiness to furnish new facts and materials discovered by _ 
them is a fine illustration of the liberal scientific spirit which animates 
the entire Survey staff. I also wish to refer to the help given me by 
successive editors of the publication during its progress, Messrs. Yuan, 
Yih; Chow and Chu, and to the library staff of the Survey. While 
deferring credit for the contributions of the geologists to the text, I 
cannot forbear to mention here by name my young colleagues and 
assistants in the paleontological division, Messrs. Sun, Chao and Tien 
who were throughout most helpful. Our very able artist, Mr. K.C. Liu, 
who drew practically all the illustrations for this work, must also not 
be overlooked in this connection. My colleagues at the National 
University, especially Prof. J.S. Lee, and Prof. G.B. Barbour of Yen- 
ching University, have also been most helpful, as have also been many 
members of the Third Asiatic Expedition, especially Dr. Roy Chapman 
Andrews, the leader, Dr. Walter Granger, the paleontologist and Drs. 
C.P. Barkey and Fred K. Morris, the geologists. With my friend Dr. 
FR, Kis Morris, I have had many stimulating discussions of the problems 
herein considered. From the chief of this expedition, the leader in 
paliontological research in America, Prof. Henry Fairfield Osborn, T 


obtained much suggestive help in our discussions shits his all too 
brief sojourn in Peking. 


- Finally, I must méntion the more immediate assistance which [ 
have teceiyed- in preparing this volume for, and seeing it through the 
press: To my friend, Col, Milos Hess, formerly of Peking, Iam mueh 
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indebted for substantial help with the Russian literature. To Mrs. 
F.K, Morris I am greatly indebted for comparing typewritten chapters 
with the original manuscript. But the most constant and: sympathetic 
aid I have received from my able secretary Miss R.E. Burer, who not 
only took down from dictation many of the later chapters as well as 
additions to the earlier ones, a task requiring special study and pre- 
paration, but also rendered inyaluable aid in the compiling and 
arranging of the bibliographies. Finally she has several times carefully 
read the proof, thus relieving me of much irksome labor. 

In conclusion I venture to express the hope that this book may 
lead many of the foreign as well as native residents of all parts of China 
to examine the rocks of their own locality, and if they are fossilifreous, 
to make extensive collections, noting the precise occurrences of the 
fossils in'the rock-profile, and to send these fossils to the Survey for 
study and description. In this way they will contribute in no small 


way to the adyancement of our knowledge of the Stratigraphy and 
Paleontology of China, 


Peking, July 20th, 1924, 
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STRATIGRAPHY OF CHINA. 
BY A. W. GRABAU. 


INTRODUCTION. 


GEOLOGY is the science of the earth on which we live. Ags 
the framework of the earth is made of rock, the geologist must begin 
his studies with the rocks; he must observe their composition, he must 
learn to distinguish between the different types, which for conyenience 
he designates by special names, and he must determine the history or 
-mode of origin of these rocks, and their significance in the architect- 
ural plan of the earth as a whole. But this is not all of geology, it 
is only a part, though a very fundamental part, of the science. It is 
the division called petrology. Armed with the knowledge of the 
nature and origin of rocks, and of their structural relations, the 
petrologist can search for, and discover, the mineral deposits which 
are segregated in fayored portions of the earth’s crust, and find and 
make available the natural resources upon which the material pros- 
perity of the peoples of the earth depends. 

But it would be a mistake to believe that geology caters only, 
or even primarily, to the development of material wealth. Geology 
has a much greater service than that to perform for humanity. The 
supreme task of the geologist is the discovery of truth—it is for him 
to ascertain the true history of the origin and development of this 
earth, to discover the forces and conditions which have guided the 
development of life upon it, and to find the causes which have forced 
the living organisms into ever widoning realms of activity, and de- 
manded constantly increasing powers of adaptation to a changing 
environment as the price of continuity of existence. 

The geologist is not a theorist, he is an interpreter of facts. 
His interpretations may be incomplete or faulty—they are certain to 


be so, if his facts are limited, but he improves and corrects {hem by the 
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unremitting and relentless search after new facts If he demolishes 
age-old structures, reared by superstition, fostered by ignorance, he 
does so, not in the spirit of vandalism, but because he has learned by 
painful labor that they rest upon an insecure foundation. Iconoclast 
he must ever be, but he is always ready to demolish his own temporary 
structures when he becomes convinced of their inadequacy for the 
housing of the growing body of facts. 

The geologist who confines himself to a limited area, may 
contribute important facts to the body of knowledge, but his inter- 
pretations are apt to be at fault. The geological history of China can 
not be rightly interpreted by the student who confines himself to a 
study of the Chinese rocks and fossils. ‘These, of course, must be 
investigated in the greatest detail, and the results of these investiga- 
tions must be recorded in permanent form, for the uso of future 
- Senerations. or the span of life of no man is sufficient for the rearing: 
of the entire edifice, each can at best build only a small section of the 
temple of truth, and trust to his successors to continue where he left the 
work. If that work has been conscientious, and if it will stand the . 
test of future discoveries, it will remain a part of the growing structure. 
If not, it must be demolished, and building must commence anew. 

But if interpretation of facts is to have a lasting value, that 
interpretation must be made in the light of all the available knowledge. 
China is a part of Asia, and the history of China can only be correctly 
interpreted in the light of the history of that continent. But the 
history of Asia is a part of the history of the earth, and interpretation 
of the geological history of Asia without reference to the geological 
history of the rest of the earth is impossible. So the circles widen, 
and the pebble of fact, dropped into the sea of knowledge at any point, 
will send its ripples to the remotest shores, and though the ripple may 


be but a tiny one, its effect at any given point, can not be calculated 
beforehand. 
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The facts with which the geologist deals are for the most 
part unfamiliar to the average man, and the terms by which they are 
expressed are not a part of his usual vocabulary. But new ideas and 
new facts demand new terms in which to clothe them, and the seeker 
after knowledge must not be discouraged by the necessity of learning 
new words and phrases. The language of the geologist is not 
difficult, to learn, and may be acquired from any elementary textbook 
on the subject. In point of fact, a knowledge of the periods of earth 
history should be a part of a well-rounded modern education, just as a 
knowledge of the periods of human history is commonly considered 
to be. So should be a knowledge of the common terms by which the 
classes of animals and plants are known. ‘The names of genera and 
species form a more formidable obstacle, but after all, the number of 
those essential to a fair understanding of the subject is limited, and 
familiarity with them may be a matter of gradual acquisition, as 
acquaintance with the objects they represent increases. J*amiliarity 
with the objects ‘themselves is far more important than a knowledge 
of their names, and this may be gained from a study of the illustra- 
tions, and from the objects themselves. This explains the reason for 
the numerous figures of these fossils in the text, and makes apparent 
the value of the museum exhibit to the student of earth history. It 
is by frequent visits to the museum of the Geological Survey and by a 
systematic study of its exhibits, that the non-geologically trained 
seeker after wider knowledge, can prepare himself for an under- 
standing of the geological history of China, and an appreciation of its 
significance in the history of the development of our earth. 

Within the territory of China are to be found representatives 
of almost all of the large rock systems now recognized elsewhere, but 
they are not equally developed. The Archzeozoic and Proterozoic Eras 
are each represented by one rock system, these being the Archzan or 


Taishan complex, and the Wutaian (Wutai System) respectively. 
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30th consist of highly metamorphosed rocks, in part of igneous and in 
part of clastic origin. Wherever present, the rocks of the Paleozoic 
Era overlie these crystallines with a major unconformity, the younger 
rocks being little or not at all metamorphosed. In most areas the 
rocks of the several systems of the Palaeozoic are concordantly related 
to one another, though separated by many disconformities, these 
occurring between, as well as within the system; but in a few cases. 
there are actual unconformities between some of the systems, due to 
local folding during the Paleozoic. 

The oldest of these unmetamorphosed sediments are here 
classed together in the Sinian System, this term being used as nearly 
as possible in the sense in which it was proposed by von Richthofen, 
not in the Bailey-Willis sense (see beyond). These Sinian rocks are 
placed by the author at the base of the Paleozoic, as its oldest known, 
system, underlying the rocks of the Cambrian System. This is held 
to be their proper position in the geological classification, although in 
ihe past they have generally been classed as an upper division of the 
Proterozoic.* . 

Except this lowest one, all the systems of the Paleozoic are 
represented, at least partially, by marine members, though several of 
them, especially the later ones, are largely, and in some cases entirely, 
formed of continental members, in some sections of the country. Of 
the Mesozoic systems, only the Triassic and Jurassic are represented by 
marine members within the territory of China proper, though in 
Tibet and elsewhere in Asia the Cretaceous also includes marine 

-sediments. 

The Cenozoic and Psychozoic (Tertiary and Quaternary) 

ras, are also represented primarily by non-marine sediments in China, 


though here again, marine facies are found in Tibet and elsewhere 


*For discussion of this problem see: A. W. Grabau ‘The Sinian System’’” 
Bulletin of the Geological Society of China, Vol. 1. 1922, 
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in Asia. At present it is not possible to sharply draw the line between 
the Cenozoic and Psychozoic deposits, as Pliocene and Pleistocene 
‘sediments commonly intergrade, or at least are not separated by a 
recognizable division-line. Therefore it has been found more con- 
venient to divide the post-Mesozoic deposits into an older, which is 
essentially the older Tertiary, and a younger series, which includes the 
younger Tertiary (Miocene and Pliocene) and the Quaternary deposits 
(Pleistocene and Holocene). The division-line is drawn between the 
‘Oligocene and the Miocene, where it is readily recognizable in the 
field. The older division is grouped as Hogene and the younger as 
Neogene, it being understood that in this latter division, as here used, 
the youngest of our sediments are included. 

Thus modified, the table of Geological Systems for China is 
as follows: 

NEOGENE SYSTEMS 

Including Psychozoic or Quaternary, and younger Cenozoic¢ 
(younger Tertiary) . 
Recent deposits (Holocenic) ......... Human culture deposiis. Fluviatile 


deposits of south China; estuarine 


deposits. 

BL ETRLOCG I sae atte tein eee Et ov nae s et The Loess and associated deposits. 

RIL OCE TLC Reais teem se neste ste: cera Cave deposits and Hipparion beds 
(in part) . 

PLITOCE TEC neI UN OTT ee SERA E EEA ve en ee Hipparion beds (in part) ; Tectonic 
disturbances. 


HOGENE SYSTEMS 
(Older Tertiary) 


EOS OGCTLC Mean te shales teehee Piontnn stele Represented by plant-bearing beds. 
LH OCOTIO UN Ree aan ELIEE Jee CR fee Lae Beds with vertebrates, and fresh- 


water mollusks. Marine in Tibet. 
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RGLCOCEILOM mes et enetee. Si a SRE Not known to be represented, 


MESOZOIC SYSTEMS 


(CHARTUAR abe naees Soba eupeeaeay ..Mostly continental, marine in Tibet.. 
DOTILOLGLG Teme ed pce tne: eocinc ys erect Chiefly beds of Wealden type. 
RYU ppc ns PN RI ee pons Some marine but mostly continental 


beds. The Upper and Lower uncon- 
formably related. Igneous flows: 
and intrusions and tectonic distur- 
banees in Middle Jurassic. 

TERESI, Bod Ree ee Oe Marine beds in south China and 
Tibet; continental beds in central 
and north China. 


PALMOZOIC SYSTEMS 


DOT NULU, Tiere oe iatee eae a ISAS fee Marine beds in south China; con- 
tinental (mostly) in north China. 

CURUDT ACIS «eats erat cnal. ..... Higher part (Uralian) represented. 
by marine beds in south and cen- 
tral China. Moscovian mostly 
absent, except for local (provincial) 
development in Yunnan. 

A DX ATAU 335 sor EE Oc Uppermost part or Taiyuan series,. 
widely distributed; Viscen in con- 
tral and south China; Older divisions: 
absent. 

LD ENOTULUIGREN ean st aks te oes ehoney -Upper Devonian in central and 
south China; Middle Devonian in 
south China; Lower Devonian absent. 

DLT NeS velaess. 2 satis ...s...,Upper Silurian in south China; 
Lower Silurian in central and south: 


China; Middle Silurian absent. 
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DTP LOULGLTieraane ate tee tte ast Upper Ordovician absent. Late 
Middle Ordovician widespread ; 
northern phase American; southern 
phase (central and southwest 
China) European. Older Middle 
Ordovician probably largely want- 
ing. Lower Ordovician; northern 
phase American; southern phase 
(west-Yunnan) European. 

Cambrian wie ete: at Upper and Middle Cambrian in 
north China, (northern phase) 
extending into Tonking. Lower Cam- 
brian best developed in south China 
(Yunnan) with extension north- 
ward to Manchuria etc. 

SULT Se a et BO _Represented by continental strata 
with algous limestones in north 


China, possibly also central China. 
PROTEROZOIC SYSTEM 


[LAMM Dyes thet alin Rocce ...Wutai system of north China, 


strongly metamorphosed. 
ARCH AOZOIC SYSTEM 


Archean ..... Sra Jab An Rian Snotiosa SDs Taishan complex of north China. 


Ancient crystallines of central and 
south China. 


*Placed in the Paleozoic by the author. 


CHAPTER I. 
THE OLDEST ROCKS OF CHINA. ~ 


Underlying all of the rocks of China,—beneath the sands of 
the great plains, under the loess of the valley bottoms, and below the 
solidified conglomerates, sandstones, shales, and limestones, which 
form so large a part of the modern mountains of China, and of its 
plateaus and valley bottoms,—beneath all this mass of younger rocks, 
lies the ancient complex of crystalline formations, which forms the 
foundation of the continent and to which belong the oldest rocks of 
China, Antedating them all, in point of origin, by so vast a period 
of time that it is not measurable in years or centuries, this rock com- 
plex challenges our attention, and bids us pause to note the inadequacy 
of human chronology when applied to the history of the earth itself. 
From out of an antiquity so vast, that even the half hundred centuries | 
of Chinese history sink into insignificance, these foundation rocks of 
China testify to the immensity of time which was consumed in the 
building of the Asiatic continent, and during which the plant and 
animal forms as we know them today, were slowly evolving. 

Though underlying every part of China, these ancient rocks 
come to the surface only in relatively few localities. Foremost among 
these are the ancient land masses which have never been wholly sub- 
merged by the sea during any geological period. Tibet is one of these, 
and it is perhaps the most completely preserved of the permanent land 
masses, its ancient rocks being covered only by the still largely uncon- 
Solidated young sand, gravel, and loess deposits, or by Mesozoic de- 
posits in part only of marine origin. To the east and southeast of the 
Chinese basin, are the remnants of the old land of Cathaysia, which 
included not only the eastern margin of the present Asiatic continent, 
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but also the islands lying east and south of it. Both Japan and the 
Philippines were a part of it at one time, as were also the Hast Indian 
islands. Though partly submerged in the late Paleozoic (Permian) 
and in the Mesozoic, the final dismemberment of Cathaysia did not 
take place until comparatively recent times, when by downfaulting and 
folding, portions of the land disappeared beneath the sea, leaving the 
present islands as remnants. On the continent, the granites, porphy- 
ries, and ancient crystallines of Kwantung, Fukien and Chekiang and 


those of Shantung and Korea form remnants of this ancient mass. 


A third remnant of old land is found in Inner Mongolia, 
partly buried however by Tertiary sands and clays and by basalt 
flows. This constituted a part of the Paleozoic old-land of Gobia 
which separated the Chinese basin from the geosyncline of Outer 
Mongolia. In some places these ancient rocks have been peneplaned 
to a surprising level, permitting easy motor traffic across a thinly 
-yeneered or bare surface of erosion on granite and ancient meta- 


morphic rocks. 


Besides these ancient land masses, which were never wholly 
covered by the sea and only in part by deposits of continental origin, 
there are the ranges of ancient crystalline rocks which now appear upon 
the surface as. the result of the erosion of the strata which once covered 
ahem. The Tsingling range is one of these, although the crystallines 
of this range were not covered until Carboniferous: time, having been 
a source of supply for the strata accumulating in the Tsingling 
geosyncline, during early Pal:eozoic time. Another district in which 
the crystallines are exposed as the result of uplift and erosion, is the 
Wutai-shan of Shansi, while a number of other localities in: both 
north and south China, also show these rocks. A fair understanding 
-of the general characteristics of these rocks may be Be from the 
detailed consideration of typical examples. 


10 Stratigraphy of China 


Tor Taishan CompLex—Areowxozore on ARCHAAN* 


The Archean or Taishan complex is the oldest formation 
known in China and has its type locality in Taishan (Shantung). 
Nothing distinctly older has as yet been identified. It underlies all 
other recognized groups and is separated from them by an uncon- 


formity of a most distinct and profound character. 


Hig. 1. Section of the Taishan complex at Chang-Hsia Hsien, Shantung (after 
Blackwelder). Ancient gneiss (1), intruded by schistose dike (2), and 
the two cut by massive red granite (3). The complex is unconformably 
overlain by Cambrian sediments (5). 


The rocks of the Taishan complex are chiefly gneisses of 
indeterminate origin and character, and gneiss-granite; associated with: 
them are metamorphic schists, such as mica schist, amphibolite ete. 
All the inetamorphics are intruded by granite, which is relatively: 
young, though in large part probably pre-Cambrian. 

The structure of the gneisses and schists is exceedingly 
intricate; it is characterized by a universal schistosity, by a common 


*Contributed by Dr, J. G. Andersson 
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banding, by complex shearing, thinning, thickening, plication and: 
flow of bands. 

Besides occurring in Shantung, the Taishan complex is also- 
exposed in I engtien, Kirin, Heilungkiang, Chihli, Shansi, Shenst, 
Kangu, Honan ete., all in northern China. In southern China 
gneisses and granites have been found in N.W. Szechuan, Hupeh, 
Anhui, Fukien, Kiangsi, Kwangtung, etc. and belong probably to the: 


same formation. 
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Fig. 2. Detail of a small part of the Taishan complex of Chang-;Hsia-Hsien, 
Shantung (after Blackwelder). Ancient gneiss (1), included in 
massive red granite (3), the whole crossed by veins of pegmatite (4). 

In the Archean gneiss gold ores are found in Heilungkiang,. 
Kirin, Fengtien, Shantung etc. Iron-ores are also found in the 
Archean gneiss and granite, as for example in Luan Hsien in N.E. 
Yhihli. In S. Shensi and N.W. Hupeh, copper ores are known to 
occur in metamorphic rocks which may also belong to the Archean. 
The sections (Figs. 1, 2) show the structure and relationships of the: 


rocks of the Taishan complex. 
Tue Wurar SystemM—Prorerozoic on WUpAlAN™ 


The Wutai System rests unconformably on the Taishan com- 


*Contributed by Dr. J. G. Andersson, 
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plex and, like the corresponding Huronian of Lake Superior in the 
U.S.A., belongs to the Proterozoic Era. In its type locality, in Wutai 


Fig. 3. Section of the Wutai system on the Tai-shan-ho from southeast to 
northwest across the southeastern slope of the Wu-t’ai-shan. (after 
Blackwelder). 

1, Biotite-gneiss; 2, Biotite-schist;, 3, Arkose-quartzite; 4, Micaceous 
quartzite; 5, Biotite-schist; 6, Micaceous quartzite; 7, Biotite-schist; 8,  * 
Micaceous quartzite; 9, Biotite-schist; 10, Quartzite; 11, Concealed by 
alluvium; 12, Mica-schist and gneiss; 18, Arkose-schist; 14, Muscovite- 
schist and gneiss; 15, Amphibolite; 16, Mica-schist; 17, Amphibolite; 
18, Mica-schist and gneiss; 19, Magnetite-quartzite; 20, Quartzites 
with Mica-schist; 21, Augen-gneiss; 22, Biotite-schist; 23, Marble 
with layers of garnet-schist; 24, Chlorite and biotite schists; 25, 
Marble; 26, Siliceous marble with slate and: hematite; 27, Quartzite; 
28, Schistose conglomerate; 29, Quartz-mica-schist; 30, Schistose 
conglomerate; 31, Quartz-mica-schist; 32, Chlorite-schist. 


Shan (Shansi), a provisional classification may be made as follows: 
Unconformity. 
Srrar Serres. Chiefly chlorite schist and quartzite, 
with conglomerate at the base. 
Unconformity — 
Nanmal Srrtes. Siliceous marble, jasper, quartzite 


Woral System ; 
and schist. 


Unconformity 
Suirsur Series. Mica schist, gneiss, magnetite 
quartzite, and basal feldspatic quartzite. 
| Uneonformity 
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The typical section of this system is shown in Fig. 3. 

This system is well known in Shansi, but it occurs also in 
Shensi, Chihli and Jehol. Probably of the same age are the black 
quartzites, the hornblende-schists and the Takushan quartzites in 
Fengtien, Richthofen’s Kingsunshan and Tschangshan Series in E. 
and W. Shantung and the crystalline schists and the crystalline lime- 
stones in Honan. 

Minerals, containing magnesia, are found in abundance in 
this formation, such as dolomite and magnesite in S.W. Fengtien, talc 
and asbestos in Jehol, Shansi, Chihli, Fengtien etc. Graphite is also 
so be seen, but not in large quantities. Among the metallic ores, gold, 
tilver and lead are the most important. Copper-ores and iron-ores 
are also found, as for example in S.W. Shansi and S. lengtien res- 
pectively. Zincblende, molybdenite and wolframite are also known. 


to occur, sometimes in small quantities. 
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CHAPTER H. 
THE SINIAN SYSTEM. 


The SrxrAn System was established by von Richthofen, who 
included in it all the unmetamorphosed sediments from the Cambrian 
downwards.* At present the term is restricted to the pre-Cambrian 
portion of this complex, that part which v. Richthofen called Lower 
Sinian. This isa vast series of ancient sediments which, so far as 
known, are wholly of continental origin, not only in China but in 
other parts of the world as well (Belt terrane etc. of North America, 
Torridonian of Hurope ete.). They generally underlie the Cambrian 
beds with a disconformity (more rarely a moderate unconformity) and 
are separated from them by a hiatus of moderate magnitude. From the 
older rocks on the other hand, they are separated by a violent uncon- 
formity, and a hiatus of the first magnitude, They are readily 
distinguished from the older rocks, the Wutai and Taishan systems, by 
their essentially unmetamorphosed character, whereas the older systems, 
one or the other of which forms the basement on which the Sinian 
rocks were deposited, are highly metamorphosed. 

The Sinian System of northeastern China was deposited in a 
geosyncline which, in general, extended in a northeasterly direction 
through the provinces of Shantung, Chibli and Shansi, being continued 
northeastward in I’éngtien, and for an unknown distance beyond. In 
general three belts may be recognized, each of which presents a distinct 
lithologic facies. The easternmost, exposed in Shantung and continued 


into eastern I’éngtien, is a sandstone facies, which has at present not 


*Bailey Willis and E, Blackwelder have used the term Sinian as a synonym 
for Cambro-Ordovician, a usage which is inadmissible. See A. W. Grabau, The 
- Sinian System, Bulletin Geological Society of China Vol, I, 1922. ; 
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been fully delimited, but apparently includes the Yungning sandstone 
of the Liaotung peninsula (Manchuria). A similar red sandstoné occurs 
in southern Shansi and the adjacent part of Honan, where it is wide- 
spread and associated with diabase and porphyries, most of them how- 
ever older than the sandstone. These sandstones appear to have been 
formed as a series of flood-plain and alluvial-fan deposits along the 
eastern border of the geosyncline, by streams coming from the western 
slopes of the mountains which bordered the geosyncline on the south- 
east and which formed a part of the continent of Cathaysia—the old- 
land of eastern China in Paleozoic time. As these sediments are 
today largely red in color, it would seem that the climate of this 
region was relatively dry in Sinian time, permitting thorough oxida- 
tion of the sands and muds, a process which could not have taken 
place if the climate had been moist enough to permit extensive growth 
of vegetation. Bat the evidence of the limestones in the region further 
westward indicates the existence there of bodies of water, and hence 
ihe semi-aridity of the eastern belt must have been due to a local 
cause. This cause seems to have been the height of the bounding 
ranges of mountains which supplied the sediments, and the fact that 
they intercepted the imoisture-bearing winds from the southeast. If 
that was tha case, the belt of easterly winds must have been shifted 
further northward at that time, than the position which it now holds. 

The second belt of Sinian rocks, which occupies the center of 
the old geosyncline, constitutes the Nankou group first named by 
y. Richthofen from the Nankou mountains north of Peking. This 
series is largely calcareous, comprising the great Nankou limestone 
which in turn is overlain by the black Hsiamaling shales. 

The Nanxou rimesrone forms the main rock of the Nankou 
range, and has a thickness of several thousand meters. It is in 
places a rather pure magnesian limestone, fairly thick-bedded, and 


contains an abundance of calearcous algee, which appear to be the 


16 Stratigraphy of China - 


chief if not the sole source of the lime and 
magnesium carbonate. Three species of these: 
fossil organisms have so far been recognized, 
all being provisionally referred to the genus. 
Collenia. These are: 

3. Collenia angulata Grabau 

2. Collenia sinensis Grabau 

1. Collenia cylindrica Grabau 

So far as determined, these species. 
occupy successive horizons, no. 1 being the 
lowest, They are common in the exposures 
in Nankou pass, but have also been noted 
elsewhere in this limestone in north 


China. Excellent examples of these fossil 


8, Carboniferous (Taiyuan and Shansi Series), 9, Alluvium. 


alge may be seen in the dark limestone 


1, Archwan mica-schist and granite; 2 to 5, Sinian System (2 Quartzite sandstone; 3, cherty limestone; 4, red shale; 


g blocks which form some of the steps 

“s E leading to the hospital building of the 

= Peking Union Medical College (Yiian Fu) 

x: = especially those leading to the central build- 

S = ing. They are also seen in the steps of 

~ the Anatomy building and_ elsewhere. 

2 = These blocks came from a quarry at Fang 

S = Shan close to the Ching Han R. R. near 
= 5 Chowkoutien station. * 

oS i A. large portion of the Nankou lime- 

Ley = g stone is thin-bedded, and contains an 

S i z abundance of chert. Hence it is often 


*I am indebted to Doctors Houghton and 
Davidson Black for information regarding the origin 
of these blocks. Students should not neglect seeing 
them—as they are good examples of the most ancient 
organic remains found in China. 


Fig, 4. Section of the rocks of the Sinian System on the northern margin of the Kaiping Coal Basin, east Chihli (J. G. 
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veferred to as the Szliccous limestone under which name it is mapped 
in the Western Hills. Layers of ripple-marked sandstone and even 
fine conglomerates not infrequently alternate with these limestones 
‘in the lower part, indicating that they were deposited in shallow, 
probably temporary lakes, but whether these were fresh-water or 
saline lakes has not been determined. It is certain however 
‘that these waters were not marine. In the Nankou range the 
limestone is much intersected by igneous intrusions of later date. 
In western Chihli this limestone has been called the Yayang 
limestone by Bailey Willis. 

The black Hsiamaling shales which overlie the Nankou 
limestones in some sections appear to be an extension of the western 
belt of sediments. They have not yet furnished fossils, but the remains 
of Eurypterids may be looked for in them. An intermediate section, 
showing the various members of the series, is well exposed in the rim 
cof the Kaiping basin near Chao-kou-chuang (Fig. 4). 

The vestornimost belt of sediments of this system is largely a 
shale series, and was mapped by Bailey Willis under the name of 
Hut’o group. This is typically exposed in the Wutai Shan region of 
north-western Shansi, where Bailey Willis has made the following 


subdivisions: 


Tungyti limestone 900 m.+ 
Hut’o group 
T’out’sun shales 1000-1800 m. 


The T’out’suN SHALES consist of red and gray quartzite 
with layers of conglomerate at the base (possibly an extension fron: 
the eastern belt) followed by gray to purplish shales or phyllites, with 
thin layers of dolomite and siliceous limestone. 

The Tunayt' Limesronr is mostly gray, thin bedded, and 
contains chert in notable quantities, this often occurring in masses or , 


sheets. 
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The following two phases of the Sinian system of rocks are: 
of especial Interest. 


The Srnran System In THE Hsuan-Luna ArmA.* 


In northernmost Chihli, in Lung-Kuan and Hsuan-Hua- 
Hsien, there is a remarkable development of the Sinian system, 
characterized above all by the occurrence of very considerable deposits. 
of bedded hematite ore. 

With an unconformity of the first magnitude, the deeply 
decomposed Archzean gneiss is overlaid by the rocks of Sinian age. 
The lower part of this system consists mainly of quartzite sediments 
interbedded with two sheets of igneous rocks and considerable interca- 
lations of gray shale. The upper part of the quartzite series is a 
thick-bedded quartzite, partly reddish but mostly white in colour. In. 
this series ripple-marks and other indications of shallow water de- 
position have been frequently noticed. This group of sedimentary 
rocks may approximately correspond to the T’out’sun slates of the 
Hu-T’o region. 

Above the quartzite series rests an immense thickness of 
cherty limestone, the apparent equivalent of the Tungyti limestone of 
the Hu-T’o area, of the Nankou limestone of the Nankou range, and. 
of the ‘‘Siliceous Limestone’’ of the Western Hills of Peking. 

Between the quartzite and the limestone is a bed of dark. 
slate some ten meters in thickness. In this slate are found one or 
more layers of hematite ore, often resting directly upon the quartzite. 

. The iron ore which is embedded in this series, forms genuine: 
seams and is a sediment just as truly as are the quartzites and slates. 
which surround it. 

The ore occurs in two distinct structural types: 


1: Obdlitic ore, composed of spheroids of hematite, as a rule with. 


*Contributed by J. G. Andersson 
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a nucleus of quartz, around which concentric hematite layers 
have been deposited. 

2:  Stromatolitic ore, with a very peculiar structure. It is built 
up of aggregates, in shape reminding one of elongated pears 
with the narrow end always directed downwards. The 
longest axis of these concentric structures is always nearly 
vertical and every one of them is composed of epicontric 
laminze piled one upon another with- the convex side 
upwards. The interstices between these aggregates are 
occupied by regular spheroids, identical with those composing 
the odlite ore. 

Structures very similar in character to the stromatolitic ore, 
haye also been observed in the cherty limestone overlying the ore beds 
both at Yen-Tung-Shan in Hsuan-Hua-Hsien, and in the canyon eut 
by the Hunho river through the mountains N.W. of Peking. These 
are all regarded as species of calcareous algie, and are referred to 
above, as belonging to the genus Collenta of which three species are 
go far known in China. 

Concentric structures of this type have been described in 
Europe and America under various names such as Gymosolen, Collenta 
and Cryptozodn. Their organic origin has been strongly argued by 
several authors, whereas others consider them merely the products of 
chemical precipitation. It seems probable that they are, directly or 
indirectly, products of organic activities (algee or bacteria), and if 
this is the case, they form the earliest traces of organic life hitherto 


noted in China. 
Tur NaAn-T’ou Tinrrre,* 


A most remarkable occurrence of beds of glacial origin was 
discovered by ey Willis and Elliot lbgleyallitss in the mae 


*Contributea by J. G. Andersson 
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course of the Yangtzekiang above the Ichang gorge, at Nan-T’ow 
village. In 1915 some additional observations were made by Dr. I*.R. 
Tegengren. - 


= _ The succession is shown in Fig. 5. 


po SCOFreet. ‘| Meters. i 
300 $0 Massive brown-gray limestone, z 
c 
om 
5 Ki-sin-ling net i 
& ek Gray cherty limestone. f 
4 pias Light gray oolitic limestone, j 
BRB P + ra 
aa te White arenaceous limestone.” 
Black argillaceous limestone. 
Brown calcareous shale. 
- Black slaty limestone and flint. 
Brown Shale. 
i Disconformity. i Genglomerate. 
120 35 Glacial tillite (green argillite with 
polished and strieted boulders). . 
Nan-t'ou : 
~~ formation. 100 30 Obscured by soil. 
= Bk GK ve i = 
E White sandstone. 
ae 
150 Red sandstone, 
5 Conglomerate. 
— Unconformity.— | 
Granite. 
Huang-ling 


Fig. 5, Columnar Section of the Basal Palzcozoie Sirata at Nant’ou above the Ichang 
gorge of the Yangtzekiang (modified after Willis and Blackwelder). The 
Nan-t’ou tillite is disconformabiy succeeded by Cambrian strata, It is prob- 
ably of Sinian age. 

_ The oldest rock observed in this area is a gneissoid granite 
of Archean or early Proterozoic age (Huang-Ling granite). 

This granite is overlaid by a conglomerate with granite 
pebbles and aboye this basal conglomerate follow red and white sand- 
stones to a thickness of 45 m. 

After a gap of 80 m. covered by soil, follows a bed, 35 m, in 


thickness, of hard massive boulder-clay or tillite, in which lie stones 
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of various sizes and kinds, with their long axis at random angles with 
the horizontal. The rocks represented in.these stones are very varied, 
including granite, porphyry, mica-schist, slate, limestone, quartz and 
chert. The stones range in size from sandgrains to blocks 50-75 cm. 
in length, and there is no assortment of the individual sizes. Coarse 
and fine particles lie mingled and chaotic in their arrangement. Many 
stones are angular, but the angles are smooth and rounded, the flattish 
surfaces are polished and scratched in exactly the same way as the 
pebbles in the Pleistocene boulder-clays of North America and Europe. 
The visitor to the Museum can compare the Nant’ou tillite boulders 

' ag exhibited in the Dynamic Section {Room C.) with the boulders of 
ground-moraine of Scandinavia. 

That the Nant’ou tillite was formed by the action of a glacier 
or an inland ice is just as plainly proved as is the glacial origin of the 
Pleistocene boulder-clays or that of the Paleozoic tillites of S. Africa, 
India and America. 

The Nant’ou tillite is overlaid by a limestone series in which 
Cambrian fossils have been found in an adjacent region. As no 
fossiliferous beds occur below the tillite, we must be satisfied to 
indicate the age of the tillite as early Cambrian or more probably 


Sinian. 
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CHAPTER III. 
THE CAMBRIAN SYSTEM. 


The Cambrian system is well developed in China, and its 
strata are generally richly fossiliferous. This system has been studied 
more thoroughly than any other known to occur in China, and its 
fossils have been fully described, especially by Walcott* and Mansuy. 
All three divisions of the Cambrian are present, but they fall naturally 
into two provineial types, which from their probable origin may be 
designated the southern and the northern types. The former comprises 
the Lower Cambrian, the latter the Middle and Upper Cambrian. | 


THe Lowrr CamMBrian 


So far as at present known, the Lower Cambrian deposits of — 
the earth fall into three major marine provinces which were apparent- 
ly completely distinct from one another. From their relationships to- 
the main oceanic basins of the earth, they may be designated: 1,. 
the Atlantic; 2, the Pacific; and 38, the Indian or Asiatic province. 
(See map Fig. 6) 

The Atlantic province was chiefly restricted to the oceanic 
basin of that name, but had several known embayments in the 
bordering continents. On the west, or American side, one of these 
extended over eastern Newfoundland, New Brunswick and eastern 
Massachusetts; while on the east, or European side, there were two 
embayments, the Baltic and the Mediterranean. The waters of the 
first of these covered Wales and southern England, parts of Scandi- 
navia, and the Baltic provinces of Russia, as well as the border lands 


on the south of the English Channel and the North Sea. The second 
en ee eee 
*Bibliography at the end of the Chapter. 
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embayment extended only partway into the Mediterranean area, 
covering a portion of southern Spain and France ete., the island of 
Sardinia and perhaps portions of the southern Mediterranean border 
of today. The southward extent of this province in the Atlantic basin 


is at present unknown. 


Auk 


PALZOGEOGRAPHY & 
OF 
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BY 
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* 


Fig. 6. Paleeogeographie map of Asia showing the probable distribution of 
land and water (black) in Lower Cambrian time. 

The waters of this marine province were characterized by a 
distinctive fauna, the leading members of which were trilobites of the 
genus JZolmia and its sub-generic types. Besides this, there were 
primitive brachiopods and gastropods, and many species of the family 
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of Hyolithide. This fauna is wholly confined to the Atlantic province 
and its embayments; and throughout Paleo-Cambrian time, connect- 


ions with other provinces seem to have been ‘slight if not entirely 
wanting. 


Mae Ee ee 
Boreal Palzzogeography-A.WGrabau 19 Lower Cambrian 


Fig. 7. Paleogeographie map of the Boreal region showing the probable distri- 
bution of land and water (black) in Lower Cambrian time, and the 
separate faunal provinces. 


The Pacific province of the Lower Cambrian was more exten- 
sive than the Atlantic. In North America it occupied the two major 
geosynclines, the Appalachian on the east, and the Cordilleran on the 
west; but in Europe the deposits of this province are only known 
from the north of the British Isles. The fauna of this province is 
entirely distinct from that of the Atlantic province. In the place of 
Holmia, this fauna is characterized by the trilobite Olenellus, while the 
associated species are also entirely distinct from the associates of 
Holmia in the Atlantic province. This faunal distinetness is so: 
pronounced, that we can only assume that the two provinces were 
separated throughout by land barriers, though in some cases these land 
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barriers were relatively narrow. Thus the deposits of the Atlantic 
province are known from eastern Massachusetts and from eastern New- 
foundland; while those of the Pacific province, in the Appalachian 
geosyncline, are known from western Massachusetts and western New- 
foundland, the distances in each case being probably less than one 
hundred miles. Here however, it must be recognized that these 
regions have been repeatedly folded since Cambrian time, so that we 
must consider that the original distances between the localities in 
which the two faunas are found were at least twice that of today if not 
greater. Again the Holmia fauna characterizes the Lower Cambrian 
rocks of Wales and England whereas the Olenellus fauna is found in 
the contemporaneous deposits of North Scotland (See maps, Figs. 6 
and 7). Here again the intervening space has been much narrowed 
by folding and compression. 


Tt is this Pacific type of fauna, which apparently characterizes 
the Lower Cambrian deposits of Arctic Asia, i.e. those of northern 
Siberia. From limestones on the Lena River Baron von Toll has 
described three species of Microdiscus, one of Agnosius, and fragments 
doubtfully referred to Olenellus, also a Hyolithes and two brachiopods 
one of which, Kutorgina cingulata Billings, is extremely characteristic 
of the Lower Cambrian deposits of the Pacific province. 


The third province was entirely distinct from the other two, 
and apparently represented an embayment of the Indian ocean, This 
extended on the one hand into the Chinese, or Cathaysian, geosyn- 
elinal trough, the deposits being known from Yunnan on the south 
to Manchuria on the north, with intermediate points in Shantung 
and Shansi. A second arm of this embayment apparenty extended 
westward, along the Himalaya geosyncline, for these deposits are 
again found in the eastern Salt Range of north-west India, and their 


presence is indicated in the Himalayas at Spiti (See map Fig. 6). 
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They are also, though less perfectly known, in southern and western 
Australia. 

The fauna of this Australo- 
Asian or Indo-Chinese province is 
entirely distinct from the faunas 
of the other provinces, though the 
known deposits are probably con- 
temporaneous, at least with the 
latter part of the sediments that 
carry the Holmia fauna on the one 
hand, and those that carry the 
Olenellus fauna on the other. The 
leading form of the Asiatic province 
is the trilobite Redlichia (Fig. 8.) 
which is represented by a number 
of species. Associated with it is 


the trilobite Palwolenus and a 
Fig. 8. Redlichia chinensis Walcott, (re- 


stored) natural size. Charact- 
cods. Within the Chinese geosyn- eristie Lower Cambrian Trilobite. 


number of brachiopods and ostra- 


cline, the fauna seems to have been more or less of a unit, but in 
northwestern India it was more specialized, though the leading 
trilobite Redlichia noetlingi was scarcely distinct from the dominant 
Chinese form R, chinensis. 


Mippie anp Upper CampBrtan 


Rocks of Middle and Upper Cambrian age were extensively 
deposited within the Chinese geosyncline, where they are largely 
represented by limestones. They extend from Manchuria on the north 
to Tonking on the south, but they are still unknown in Yunnan. 
Middle and Upper Cambrian deposits are also found in the Himalaya 


geosyncline at Spiti where the Lower Cambrian is scarcely represented. 
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The Atlantic province was still distinct from the other provinces in 
Middle Cambrian time, being especially characterized by the trilobite 
Paradoxides, a genus entirely unknown outside of it. The Pacific 
and Indian provinces on the other hand, had become confluent to some 


eases: 
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OF 


ASIA 


BY 
A.W.GRABAU 


1923 
MIDDLE CAMBRIAN 


Fig. 9. Palwogeographic map of Asia in Middle Cambrian time, showing main 
invasion from the north with probable persistence of southern invasion 
in part; (water in black). 
extent, so that the faunas of these provinces, though still maintaining 
a certain individuality, had nevertheless many features in common. 
This is especially the case with the Middle Cambrian fauna of Spiti in 
India, which is more closely related to that of western North America 
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than to any other Middle Cambrian fauna. Though having certain 
elements in common with the Middle Cambrian of China, it is on the 
whole sufficiently distinct from it to be a separate subprovince. This 
is not surprising when the geographical position is considered 
(Fig. 9). 

It is quite probable that the Chinese geosyncline became 
more or less confluent in Middle Cambrian time with the west 
American geosyncline across the present Arctic region. That this 
connection was not very complete is shown by the occurrence in the 
upper part of the Middle Cambrian of China of distinctive trilobite 
genera not known from North America. These include Damesella 
(Fig. 21), Blackwelderia (Fig. 20) and Drepanura (Fig. 22), the 
most characteristic species of which are also known from Tonking. 
Other genera are Teinistion, Stephanocare, Shantungia and Liostracina, 
On the other hand, Walcott cites the following characteristic Middle 
Cambrian genera from North America, which are still unknown in 
China: the trilobites Karlia, Ogygopsis, Burlingia, Zacanthoides, 
Oryctocara and Neolenus, and the brachiopod Nisusia. 

While then, there is still a marked distinctness in the Middle 
Cambrian faunas of the two regions, this distinctness disappears in 
Upper Cambrian time. The Upper Cambrian of China is essentially 
Similar in its generic aspect to that of western North America, 
indicating that the connection between these regions had become a 
more continuous one. It is however still quite distinct from the 
Atlantic province. The Middle Cambrian of the Siberian region is 
still little known. Some of the species described from there show 
certain affinities with species known from China, but the relationship 
is not as close as one might have supposed. Possibly the connection 
between the two regions was not a very open one, though future dis- 
coveries may show the contrary. Towards the close of Cambrian time, 


however, the connection appears to haye become more marked if we 
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may judge by the apparent presence of trilobites of the genus 
Ceratopyge in the Upper Cambrian of China. The typical species of 
that genus is most characteristic of the basal Ordovician rocks of 
northern Europe, advancing in the Baltic embayment from the north- 
east while the Atlantic graptolite fauna (Tremadoc) entered this em- 
bayment from the south-west. It seems probable that the genus 
Ceratopyge, appearing first in the Upper Cambrian of China, reached 
western Europe by the beginning of Ordovician time, having migrated 


across northern Siberia. 
THE CAMBRIAN OF Sourin CHINA AND JNDO-CHINA. 


: Our knowledge of the Cambrian of South China and the 
adjacent area of Tonking in Indo-China, is based at present entirely 
upon the stratigraphic work of Deprat partly revised by Charles Jacot* 
and the palontological studies of Mansuy. According to Deprat the 


succession of paleeontological zones is as follows: 


Upper Cambrian 
Zone of Ptychaspis walcottt Mans. 
Zone of Ptychaspis angulaia Mans. 
Zone of Chuangia nais Walcott. 
Zone of Billingsella tonkiniana Mans. 


Middle Cambrian. 
Zone of Damesella brevicaudata Walcott. 
Zone of Acrothele matthewi var. eryx Walcott, and 
Obolus damest Walcott. 


*Deprat’s work has been found to require much revision, a part of 
which has been done by M. Charles Jacot, the new chief of the Geological 
Survey of Indo-China. Much remains to be done, and the present summaries 
so far as they are based on Deprat’s works, must be considered tentative. For 
the description of the fossils see Mansuy’s papers listed in the bibliography at 
the end of the Chapter. 
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Lower Cambrian 


8. 
th 
6. 


Zone of Bedlichia carinata Mans. 
Zone of Palxolenus dowvillii Mans. 
Zone of Acrothele orbicularis Mans. 


Zone of Redlichia chinensis Walcott (Fig. 8) . 

The Lower Cambrian ig best known from the deposits now 
found in the eastern part of the province of Yunnan, (Figs. 10-13) 
where the formations consist of sandstones and shales which generally 
weather to a yellow or orange color. Fossils 
are Common in the shales, and consist chiefly 
of trilobites and brachiopods. The genera 
Redlichia and Palxolenus predominate among 
the former, while the brachiopods include the 
genera Obolus, Lingula and Acrothele. 

The: succession of formations in Yunnan, 
as exposed in the valley of the Niu-lan-kiang, a 
tributary of the Yangtze, is as follows in 
descending order: (According to Deprat). 


Yellow shale 

Gray coneretionary marlg 

Green shaly sandstones with Redlichia, 
Palzxolenus ete, 

Sandstones without fossils 

Reddish and yellow marly shales with 
Redlichia, Obolus, Aristozoe, Phyllo- 
carids ete. 
Greenish shaly 
thele 


sandstones with Acro- 


Crumbly marl-shales with Redlichia 
Green arkosic sandstones, 
exposed. 


Base not 


g-i32O0rd 7 


Fig. 10 
Columnar section of the 
Cambrian rocks between 
Yi-lang and Sin-Kai-Tsu 
in Hast Yunnan (modified 
after Deprat). 1, Arkosic 
sandsione; 2, shales with 
Redlichia; -2, shales and 
sandstones with Acrothele; 
4, shales with Redlichia. 
and Phylloearida; 5, un- 
fossiliferous sandstone; 6,. 
shaly sandstone with 
Redlichia; 7, coneretionary 
marls; 8, yellow shales; 
9-18, Ordovician (more 
probably Silurian) beds, 
ete. 


The Cambrian System 31 


The entire series has a thickness of over 300 meters, and the basal 
arkosic sandstones add another 300 meters where fully developed. 

The fauna throughout is essentially a unit, and represents 
the later Lower Cambrian. The series corresponds essentially to the 
Mant?o shale series of north China. Older Lower Cambrian is absent 
in south China, this region having been land in early Palso-Cam- 
brian time, and subject to rock disintegration with the production of 
feldspathic sands, from which the basal arkosic sandstones were 
‘produced. 

The nearest locality 
in which the rocks of 9,4? 
this age are again found 
is in Shantung, about 
1,300 miles (2,100 kilo- 
meters) to the north- 


h Fig. 11 Section between Yi-lang and Sin-Kai-Tsu East 
east. Thence they ex- Yunnan, showing the succession of Cambrian 


tend north to Man- strata (after Deprat) (for explanation of num- 


; b Fig. 10). 
churia. The nearest SHES AY) 


locality in the other direction, is in northern India (Salt Range) 
1,700 miles (2,700 km.) to the west. The Redlichia fauna is also 


Fig. 12 Section of Cambrian strata at La-Ni-Tang, East Yunnan. 1, Arkose 
sandstone; 2a-2c, shales and Jimestoncs with Redlichia; 8, shales and 
sandstones with Acrothele; 4, shales with Redlichia and Phyllocarida; 
5, unfossiliferous sandstone; 6, sandstone with Redlichia; 7, marls; 
8, yellow shales; : after Deprat), 


found in western Australia and in South Australia. This shows the very 


extensive distribution of this fauna over the Australo-Asian region 
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The sections (Figs. 10-13) modified after Deprat, show the 
relative thickness, and the structural attitudes and relations of these 


strata in eastern Yunnan. 


Middle and Upper Cambrian beds are 
found in northern Tonking and the bordering 


portion of Yunnan. The stratigraphy is in- 


volved, consisting of a succession of limestones 
and more or less sandy shales in repeated 
| alternations, and followed by Middle Devonian 


strata. There seems to be much repetition by 
at faulting. The fauna of this series is to a large 
extent that of the Middle and Upper Cambrian 
of north China. Of the 52 species identified, 


119, or 36.5% are identical with species found 


1GOM=%4 


in north China, 15 or nearly 29% are tenta- 


tively identified with south Chinese species, 


| while 18 or about 34% are new species. 

Characteristic Middle Cambrian brachiopod 
| genera are Acrothele and Obolus while the 
| trilobites include the genera Agnostus, Agraulos, 


Anomocare, Blackwelderia,  Conokephalina, 


Fig. 13 Columnar section 
of the strata 
shown in fig. 12. 


Coosia, Damesella, Drepanura and Stephano- 
care. Characteristic Upper Cambrian brachio- 
pods are Billingsella, Hoorthis and Huenella while the trilobites 
include the genera Chuangia, Crepicephalus and Ptychaspis, 


Tur CAMBRIAN OF NortH CHINA. 
(See maps Figs. 6 and 9) 


The Cambrian of north China has been studied in the 
provinces of Shantung, Chihli, and Shansi, and in Manchuria. Tt 
rests disconformably (rarely unconformably) upon the Sinian rocks, 
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or unconformably upon the pre-Paleozoic crystallines. Upwards it is 
concordantly succeeded by the Lower Ordovician, which in some 


3 —2465m. 


2 —175m, 


WW), 


Fig. 14 

Columnar section of the Cambrian 
and Ordovician strata in_ the 
Sintai district Shantung (Modi- 
fied after Willis and _ Black- 
welder). 1, Zaishan complex, fol- 
lowed unconformably by 2, Man- 
vo shales, Lower Cambrian 
(southern type) 175 meters thick. 
Above this lies 8, the Kiulung 
Group of limestones, 245 meters 
thick of Middle and Upper Cam- 
brian age (northern type). This 
is followed, probably with a 
disconformity by 4, Ordovician 
Shale, above which follows: 5, the 
Ordovician limestones. 


sections is thought to be conformable, with 
an intergradation, but in others is known 
to be disconformable with an erosion in- 
terval, and a conglomerate at the base of 
the Ordovician. 

The subdivision of the Cambrian in 
Shantung is as follows (Willis and 
Blackwelder) (Figs. 14, 15): 
Super-ForMATION: Lower Ordovician. 

Probably a disconformity. 

CAMPRIAN: 

Upper Cambrian: Ch’aumitién lime- 

stone 400-600 ft. (120-185 meters). 

Middle Cambrian: 

Kushan shale 50-150 ft. (15-45 
meters). 

Ch’anghia limestone 400-500 ft. 
(120-150 meters) . 

Late Lower Cambrian: 

Mant’o shales 500-580 ft. (150- 
175 meters). 

Unconformity or disconformity. 

Sup-FoRMATION 


Sinian System, or older systems. 
THE LOWER CAMBRIAN, 


Manvt’o SHALES. These are the oldest 


known Cambrian strata of north China. In the province of Shantung, 


they begin with yellowish or greenish shales which rest directly upon 
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the peneplaned surface of the older rocks. Some thin earthy lime- 
stones occur in the series, but for the most 
part it consists of buff, maroon, yellow, and 
brown shales. In Shansi on the other hand, 
the Mant’o series begins with red sandstones 


and conglomerates, followed by red shales [7—~—~]7—— 5 
_— nee feria [acne Pea | 
with interbedded thin impure limestones. In === 


the Western Hills of Peking, it is a red 
shale series, divided by a heavy bed of lime- 
stone (Fig. 16). 

The most typical fossils are: 

Brachiopod: Obolella asiatica 

Gastropod: Helcionella rugosa var. 

chinensis. 

Trilobite: Redlichia chinensis (Fig 8). 

Other species of Redlichia and of 
Ptychoparia occur, as well as other fossils. 
These have only been found in Shantung, 
the red shales of Shansi being apparently 
unfossiliferous. In Manchuria this horizon 


| 


| 


5—/80m, 


4-—15m. 


3—/50m,. 


2—150m. 


ol 


is represented by shales with Redlichia and Columnar utes the Cam- 
thes HMRC et 
sandstones are in part at least, old Sinian sid DURE WOT EC oa 
sediments more or less reworked by the oie erations “150 
advancing Cambrian sea from the south. anther ee "3, er 
7 limestone, 150 meters; 4, 

MIDDLE CAMBRIAN. Oh atinidenwliaien ee aaa 

meters (Upper Cambrian, 

Cu’ancuia Liestoxe. This consists of Fea oa 


various shades of gray, and frequently odlitic 3,aGy mm between 5 


by red unfossiliferous sandstones. 


limestone, especially in the lower part. Some 
shales also occur but the formation is predominantly calcareous. This 
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Q 
SN 


formation is richly fossiliferous, trilo- 


3-6 


bites predominating. The genera 
Ptychoparia (Fig. 17), Inouyia, Agrau- 
los and Anomocarella predominate in 
the lower part. Higher up the genus 
Dolichometopus becomes characteristic, 
while still higher up the fauna is 
characterized by Dorypyge (Fig. 18), 
Crepicephalus (Fig. 19), Anomocarella 
and Dolichometopus. The highest beds 
are characterized by the trilobite genera 
Blackwelderia (Fig. 20), and Dame- 
sella (Fig. 21), with spinous pygidia. 
KusHan SHare. This is a green 


iamaling shales; 2, Upper sandstone). 


(3, basal red shale of Mant’o formation; 4, middle Mant’o 


limestone; 5, upper red Mant’o shale (3-5 Lower Cambrian) ; 6, Middle Cambrian limestone). 


i, 
/ 


shale with thin shaly and conglo- 
meritic limestones, with abundant 
remains of trilobites, the pygidia of 
Drepanura (Fig. 22) being especially 
striking, Large slabs of this shaly lime- 
stone, covered with pygidia and cranidia 
as well as free cheeks of trilobites, are 
often obtained, and form excellent 
museum exhibits. Agnostus (Fig. 23) 
and Blackwelderia are common. Smaller 
slabs, and shales with Obolus (West- 
onia) blackweldert are also common. 

In Manchuria, the Middle Cam- 
brian is known as the Fucudéu 


Sinian rocks (Modified after L, F, Yih). 1-2, Upper Sinian formation (1 Hs 


Cambrian strata, resting disconformably upon the Sinian. 


Series. It is 500 feet or more in 


Fig. 16. Section along the Han-Ho opposite Chin-Yii-Kou, Western Hills of Peking, showing the relation of the Cambrian and 


thickness and contains similar fossils 
(Fig. 17). 
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UPPER CAMBRIAN. 


Gr’aumitmn Limestone. This is a blue-gray limestone 


in Shantung, 


Fig. 17. Ptychoparia 
Walcott, enlarged. Middle 


Cambrian. 


genera Chuangia, 


while in Chihli 


Pagodia, 


much shale. 
Beds of intra- 
formational 
(edgewise) lime- 
stone conglome- 
rate (Wurmkalk) 
occur throughout 
the series, testi- 
fying to a shal- 
low water origin. 
Trilobites are 
the most com- 
mon fossils, the 


Ptychaspis 


(Fig. 24) and Illenurus (Fig. 25) predomi- 


nating. 


TFfaNGsH aN SERIES. In Chihli province the 


highest beds are alternating shales and tbin- 


and Shansi this series contains. 


Fig, 18. Dorypyge _ richthofenz 

’ Dames, a, cranidium; 

b, pygidium. Middle 
Cambrian. 


Fig. 19. Crepicephalus damia Walcott; a, cranidium; b, free cheek; 
c, pygidium. Middle Cambrian. 


bedded limestones (calcilutytes) characterized by trilobites (Ptychaspis, 


Tilenurus and Ceratopyge) and by 


brachiopods (Obolus and 
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Lingulella.) They are underlain by shales and thin limestones 
. (Ch’anghia beds) and disconformably succeeded by the basal conglo- 
merate of the Ordovician. (Sun: 21, 22). 


Upper Cambrian beds have been 
found at Sha-Kuo-J’un, Féngtien 


(Manchuria) resting disconformably 


upon the eroded surface of the Sinian 
a limestone. This indicates continued 
transgression of the Upper Cambrian 


Fig. 20. Blackwelderia sinensis (Ber- 
geron); a, cranidium, b, 
pygidium. Middle Cam- 
brian. 


sea, with overlap of the later over 
the earlier Cambrian strata. The 
horizon represented in this part of 


Féngtien is approximately that of b 

the Ch’aumitién limestone of Shan- Fig. 21. Damesella blackwelderi Wale. 
1 h sane a, cranidium; b, pygidiwm. 

tung, for several of the characteristic Hee cinerea 


Species of fossils of that limestone 

are found in it.* The Féngshan series seems not to be represented 
in Féngtien, having probably been removed by erosion before the 
deposition of the Ordovician beds. This indicates that the sea with- 


*The fossils of the Upper Cambrian of Féngtien, and of the Féngshan series 
of Chihli, will be described and figured by Y. C. Sun in the Palontologia Sinica. 
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drew again northward, at the end of Cambrian time, permitting 


erosion of the exposed area. TEvidence for such erosion is seen in the 


Fig. 28. Agnostus chinen- 
sis Dames. Mid- 
dle Cambrian; a, 
cephalonX 4; _ by. 


Fig, 22. Drepanura premesnili (Bergeron); a, b, thoracic segment 
cranidium; c, pygidium. Bat trilobite <7; ¢, pygidium 
or Bat stone. Middle Cambrian. x 4, 


a 
Fig. 25, Illenurus ceres Walcott; a. cranidium, b.. 
b pygidium. Upper Cambrian. 
Fig. 24. Piychaspis acamus 
Wale. Upper Cam- = 
brian. 


contact of the Féngshan limestone and the overlying Ordovician lime~ 
stones in eastern Chibli (Kaiping basin). (See Figs. 33 and 34). 
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CHAPTER IV. 
THE ORDOVICIAN SYSTEM. 
GENERAL CHARACTERS OF THE ORDOVICIAN. 


At the opening of the Ordovician period of the earth’s his- 
tory, We again recognize the existence of a number of zodgeographical 
provinces, which at first were very distinctly separated, but later in 
the period became confluent to a considerable extent. Three of these 
provinces stand out with rather marked contrast, namely (1) the 
Atlantic, (2) the Boreal or Arctic, and (8) the Pacific. Whether or 
not there was a distinet Indian province, as at the opening of the 
Cambrian period, is not known, but it is Jikely that the Indian and 
Pacific provinces remained the unit which they apparently had be- 
come in late Cambrian time. It was especially during the Early and 
Middle Ordovician periods that the three provinces were most distinct; 
this being due to the fact, that during the greater part of Palmo- 
Ordovician time the seas slowly withdrew from the known lands, 
readvancing again as slowly during Neo-Ordovician time. Hence the 
Lower and Middle Ordovician deposits are commonly separated by a 
hiatus of varying magnitude, this being greatest in those regions from 
which the sea withdrew early and to which it returned late; and least 
in the regions of late emergence and early resubmergence. The general 
relationship of the successive members of the Lower and Middle 
Ordovician in the regions affected by this emergence and resubmer- 
gence is shown in the following diagrams (Figs. 26a and 26b), the first 
of which shows the actual relationships of the beds, while the second 


Shows the progressive decrease of the hiatus in the direction of sea. 


retreat. It is thus seen that in the region of non-emergence (right 
42, 
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of the diagram) all divisions of the Lower as well as the Middle 
Ordovician are present, whereas in the region of first emergence and 
last submergence (left of diagram) only the lowest member of the 
Lower Ordovician is present, this being followed disconformably by the 
highest member of the Middle Ordovician. Between these points 


Fig. 26a. Diagram showing the relationships of the Lower and Middle Ordovician 
formations: C—Cambrian; B—Beekmantown (Lower Ordovician) ; 
Ch.-Chazy (Middle Ordovician) . 


older members of the Middle Ordovician rest upon younger members 
of the Lower Ordovician. The contact of the two series may be a 
simple erosion contact, this being sometimes masked by the reworking, 
during the advance of the sea, of disintegration products formed from 


the lower serics during exposure, or a bed of sandstone may lie 


Fig, 26b. Diagram of the same series skown in Fig. 26a, with the strata parallel, 
so as to show the increasing hiatus (lettering as in Fig. 26a). 


between the two main divisions, this sandstone often having characters 
suggestive of an eolian origin, due to reworking of the sands by the 
winds, during the period of exposure. (St. Peter sandstone of North 
America. ) * 


x 


Evidence of such retreat of the sea with off-lapping of 


*For further details see A. W. Grabau 9a and 11. 
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formations, during Lower Ordovician time, followed by re-advance of 
the sea, with overlap of formations during Middle Ordovician time, 
_ has been observed over wide areas in North America, in western 
Europe, and in eastern Asia (China), in other words wherever the 
Ordovician formations have been studied in detail. It is because of 
this relationship that the various sections of the Ordovician show such 
marked variability in thickness and such striking changes in the order 
of succession; and it is due to this peculiarity of history that the 
faunal provinces of the earth remained distinct in Early and Middle 
Ordovician time. 

During the early part of the Upper Ordovician time, the 
transgressive movement of the sea, previously inaugurated, continued 
uninterruptedly for a time, and it was during this period that the 
several faunal provinces became confluent to a degree not before 
realized in the history of the earth. Hence we find that the Upper 
Ordovician fauna is a cosmopolitan type of fauna, being of very nearly 
universal distribution—at least in the present northern hemisphere. 
Towards the end of Ordovician time, however, a new factor became 
influencial in the shaping of events. This was the steady rising of 
the dominant land masses, a phenomenon which brought with it an 
extension of the terrigenous material derived from the erosion of these 
lands. This material spread in the form of great alluvial fans 
along the borders of the adjoining seas, which were pushed back 
simultaneously, the result being a wide-spread emergence of the lands. 
Wherever the rise of such old lands was athwart the direction of the 
prevailing winds, conditions of more or less marked aridity resulted 
on the leeward side of these land masses. Under such conditions, 
extensive oxidation of the sediments took place, because of the scarcity 
of vegetation, and after subsequent burial such oxidized sediments — 
frequently assumed a red color from the dehydration of the iron 
hydrate which colored them. Thus we find, that in eastern North 
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America an extensive series of red beds (Juniata-Queenston), forms 
the higher members of the Ordovician, while in Siberia a similar 
series of red beds closes the Ordovician succession of that region. The 
Siberian red beds are further characterized by salt and gypsum deposits 
which testify to the prevailing aridity in northern Asia during the 
closing stages of Ordovician time. 

It is quite probable, indeed almost certain, that similar 
emergences occurred in China during late Ordoyician time. For we 
find that the higher Ordoyician deposits are everywhere absent in 
this country, the youngest deposits of this period known, being late 
Middle, or early Upper Ordovician strata. There is no evidence that 
extensive continental sedimentation took place upon emergence, or was 
the cause thereof, and it is probable that the Chinese region was 
mainly subject to disintegration, without active erosion. This seems 
to he true at least for northern and central China, where the latest 
Ordovician horizon preserved is essentially the same over wide areas. 

In central North America, in certain parts of Europe, and in 
China, the Ordovician deposits are to a large extent represented by 
limestones; but along the borders of the old lands, clastic deposits 
predominated. These 
clastic deposits are 
sometimes coarse sands 
and conglomerates, at 
other times shales and 
graywackes; and they 
are especially — well 


“ known from the Ap- 
Fig. 27. Colony of a Graptolite (Diplograptus) restored, palachian trough of 
showing the floating bulb, the medusoid spore- : 

sacs, and the pendent branches or rhabdo- eastern North America 
somes. (After Ruedemann). 


(Hudson River Group 
etc.), and from the region of the Baltic geosyncline, where they 
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now constitute the disturbed strata of Wales, England and Scotland; 
they occur also to a lesser degree in parts of Scandinavia. Where 
these sediments accumulated in the form of deltas and periodically 
exposed mud-flats along the margins of the sea, they generally include 
layers rich in graptolites, (Figs. 27-28) a group of organisms which was 
especially characteristic of the Ordovician and Silurian periods. These 
organisms led for the most part a floating, or planktonic, existence 
and they became stranded upon the mud-flats and delta surfaces when- 
ever these were submerged during storm periods or exceptionally high 
tides, just as similar floating organisms become stranded on such 
surfaces under these conditions, along the modern sea-coast (14). As 
a result the thin mud-layers, which were deposited during such periods 
of flooding, frequently contain no otber organisms than the remains 
of graptolites. The organic matter of these animals, together with the 
decaying sea-weeds which were stranded with them, commonly give 
these thin shale layers a strongly carbonaceous character and intensely 
black color. If such black layers are abundant, shales of this type 
may become the mother-rock of petroleum and other hydrocarbons, 
which, by migration, may accumulate in suitable porous rocks of 
contemporaneous age. 

Because of their floating habitat, which insures wide distri- 
bution, and because of the fact that these organisms underwent rapid 
specific changes in the Ordovician oceans, the graptolites have become 
excellent index fossils; and it has become possible to subdivide the 
Ordovician and Silurian rocks . into successive zones each of which ig 
characterized by definite species of graptolites. Many such zones have 
been recognized, and the correlation of sediments at widely distant 
points has been possible on the basis of these graptolite zones. In 
China, Ordovician graptolite shales have so far been found only in 
western Yunnan, but though there are at present no similar deposits 
‘tiearer than central Europe, it is quite possible to correlate the several 
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zones in the Yunnan region with the standard zones of western Europe 


and America* 
FAUNAL PROVINCES, 


We may now turn to a general consideration of the faunal 
provinces in Ordovician time and note the subdivisions of the Ordovi- 


cian strata in each. 
1. THE ATLANTIC PROVINCE. 


The formations of this province are most typically developed 
ip. western Europe, though they are also known in some sections of 
north-eastern North America. The British succession has been made 
the type and is as follows: 

British Subdivisions: 
Upper ORDOVICIAN 

5  Ashgillian (Ashgill beds) or Upper Bala. 

4 Caradocian (Caradoc series) or Middle Bala. 
Mippik, ORDOVICIAN 

3 Llandeilan (Llandeilo series) or Lower Bala. 
LOWER ORDOVICIAN 

2 Arenigian (Arenig series) . 

1 Yremadocian (Tremadoc shales). 

There is in most places a disconformity between the Arenig 
and the Llandeilo, and another between the Caradoc and Ashgill 
beds, though the latter is perhaps of less significance than the former. 
This disconformity between Lower and Middle Ordovician is wide- 
spread over western Europe, south-western Britain being perhaps the 


*It was formerly held that graptolite shales accumulated in deep water, and 
that the absence of other organisms in these shales was due to this fact. The character 
and distribution of these sediments, however, clearly show that they were shallow sea- 
margin deposits largely of deltaic type. See the discussion of this subject by A.W. 
Grabau and M. O’Connell in Bulletin of the Geological Society of America, Vol. 28, 
pp. 959-964, 1917. 
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only known region where the succession is continuous, if it actually is 
continuous there. (Grabau 10). 

Over most of Great Britain, and on parts of the mainland as 
well, the Lower and Middle Ordovician horizons are chiefly represent: 
ed by clastic deposits which, in places, reach a great thickness. These 
deposits include many graptolite horizons, the following having been 
recognized by Lapworth for great Britain: 

British Ordovician Graptolite Zones: 
CARADOCIAN 
12, Zone of Dicellograptus anceps 
Il. 4, ,, Dicellograptus complanatus 
10. ,, ,, Pleurograptus linearis 
9. 4, ,, Dicranograptus clingant 
LLANDEILAN 
8. Zone of Nemagraptus gracilis 
7-5» 5 Didymograptus geminus (=D. murechi- 
soni Fig, 28b) 


ARENIGIAN Fig. 28a 
6. Zone of Didymograptus bifidus (Vig. 28a) Didymograptus 
y ; bifidus (Hall) 

5: 5 5, Didymograptus hirundo (enlarged). 


4. ,, 4, Didymograptus extensus 

3. 4 5, Letragraptus 
TREMADOCIAN 

2. Zone of Bryograptus kjerulfi 

I, 4 4» Dictyograptus socialis (=D. (Dictyonema) flabelliformis ) 
Several additional graptolite zones are known from Sweden. 
The calcareous or off-shore phase of these formations ig well 
developed in the Baltic region, especially in parts of Sweden and in the 
Baltic provinces of Russia, though there as elsewhere the series ig 
incomplete, there being a hiatus of varying magnitude between the 
Lower and the Middle Ordovician. The general succession in Sweden: 


is as follows: 
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Swedish Subdivisions: 


Upper ORDOVICIAN, 
Leptzena limestone (Ashgillian) 
Hiatus 
Trinucleus shales (Caradocian, in part) 
Chasmops limestone (Caradocian, in part) 
Macrourus limestone and shale 
Echinospherites limestone 


Mipprie OrvoviciAn (Llandeilan). 
Orthoceras limestone (sens, strict.) 


Prititrocerases limestones a GI Len iaame dies conids ameeemeameee 
Didymograptus 
Asaphus rusticus, etc.) tlirchiton: 


Chiron limestone (Illznus chiron, Asaphus, several species, 
Endoceras bellemnitiforme) 

Platyurus limestone (Asaphus platyurus, Endoceras bellemnitiforme 

Gigas limestone (Megalaspis gigas) 

Asaphus limestone (Vaginatenkalk) (Asaphus expunsus, Mega- 


laspis, Illznus, Nileus, etc.) and Vaginoceras vaginatum). 
Hiatus and disconformity. 


LowkEr ORDOVICIAN, 
Megalaspis limestone (Lower Arenigian) 
Limbata limestone ( Megalaspis limbata, etc.) 
Planilimbata limestone (I. planilimbata, etc.) 
Ceratopyge limestone (Tremadocian) (Ceratopyge forficula 
Eodrthis, Obolus apollinis, etc.) 

Tor middle Europe the characteristic succession is observed. 
in Bohemia, though that region was probably in indirect connection 
only with south China. The Bohemian succession is as follows,— 
the series resting disconformably on Middle Cambrian, and being 
disconformably succeeded by Silurian. 
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Bohemian Subdivisions: 
Upper Orpovician (Caradocian) 
Game LUicebedss (1-05 Batrande)  wenyeaterey steers te 600 meters 
(Trinucleus seticornis etc.) . 
6. Zahorany grits, (d4) and 
5. Trubiny black shales (43)... cee cece weer 500 meters 


(Trinucleus concentricus (=T. ornatus) T. goldfussi etc.). 


Mippri& Orpovictan (Llandeilan) 


Aum) rabovequartzitesm (U2) passes mrmrtttrenae ta, gees mae 175 meters 
(Dalmanitessocialis, Trinucleus goldfussi, Asaphus nobilis etc. ). 
Br eeelcvan:@)seksbedsscdi sg) vermin vets terrsteeiciih oh pterret treet 70 meters 


(Placoparia zippti, Asaphus nobilis, Illenus katzeri, Niobe 
discreta, Aeglina prisca, Didymograptus geminus etc.) . 
TTiatus and disconformity. 
LOWER ORDOVICIAN, 

2. Komarov beds (dif) (Lower Arenigian)................... 70 meters 
(Orthis desiderata, Harpides grimini, Amphion lindaueri, 
Didymograptus (Tsograptus) caduceus. 

I. Krusna hora beds, (dita) (Tremadocian?) Lingula feistmantelli. 

In parts of the Mediterranean basin, as in Spain, the hiatus 
above the Lower Ordovician is very great, the latter being immediately 
succeeded by beds of Caradocian age, with a total absence of the 
Llandeilo. Among the characteristic early Upper Ordovician (Cara- 
docian) brachiopods of the west European region, we may especially 
mention the following species, Orthis actonix, O. vespertilio, O. calli- 
gramma, O. budleighensis, Dalmanella testudinaria, Plectambonites 
sericeus, and Strophomena expansa. ‘These or related species, are also 
found in the Upper Ordovician beds of south China, and this similarity 
of fauna clearly points to a connection of the south Chinese region 
with that of western Europe, though the precise path of intercommuni- 
cation between these regions is at present not known. That 
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shown upon the Paleogeographic map (Fig. 29), is. extremely 
hypothetic, as nothing is at present known of the occurrence of 
Ordovician strata in the intermediate region. In this connection it is 


important that we consider the Ordovician faunes of the Burmese 


PALZZOGEOGRAPHY 


ASIA 


BY 
A.W. GRABAU 
MIDDLE ORDOVICIAN 
i BLACK RIVER 


Fig 29, Paleogeographic map of Asia, showing the probable distribution of 
land and sea (black) in Middle Ordovician (Black River) time, and the 
sea in which the Actinoceras limestone was deposited, 


region to the south-west of China, and those of the central Himalayas, 
for these most certainly lie along the path of migration of the faunas 
in question. The Ordovician formation of the Northern Shan States 
in Burma admit of the following subdivisions (Reed 32): 
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3. Nyaungbaw limestones 
2. Naungkangyi Stage 
b Upper (?=Hwe Mawng Purple Shales) 
a Lower . 
1. Ngwetaung Sandstons. 
The Ngwetaung sandstones have yielded only Orthis sp. and 
crinoid stems. 

The Lower Naungkangyi beds are especially characterized by 
the abundance of their cystidian remains, but of the nine species 
identified, only three are also known from western Yunnan, The 
brachiopods include the genus Orthis with two local species and 
Clitambonites and Porambonites, the former with two species com- 
parable to European forms, the latter with one (P. intercedens Pan- 
der). The pelecypods are new species, and so are two of the trilobites, 
while a third is compared with a European species (i.e. Asaphus- 
devexus EKichw). Aside from the cystoids, marked in the list of 
Yunnan species by an asterisk (*), none of the species of this division © 
are known from Yunnan. These beds may be of Lower Ordovician 
age but it is more likely that they represent early Llandeiijan. 

The Upper Naungkangyi beds carry a fauna yery distinct 
from that of the Lower, only a few species being in common between 
the two. Cystoids are present, but less characteristic. The brachiopods 
include a number of characteristic Middle or early Upper Ordovician 
Species, or varieties of the same, such as Dalmanella testudinaria 
Dalm., Dinorthis porcata McCoy, D. flebellum Sow., Platystrophia 
biforata Schl., Orthis calligramma Dalm., Clitambonites squamata 
Pander, and Plectambonites Uandeiloensis (Day.), besides several new 
forms. Trilobites are common but are mostly new species. They are 
however of European genera, and show on the whole a fairly close 
relationship to European species. They indicate the horizon of these 
beds to be essentially equivalent to that of stage C of the Baltic pro- 
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vinces of Russia, the Chasmops limestone of the Swedish succession, 
or the lower Caradocian (early Upper Ordovician) of Great Britain. 

In the eastern part of the area there occurs a series of purple 
shales which have been named the Hwe Mawng beds. They overlie 
Naungkangyi beds of much reduced thickness and are believed to be 
in part at least the equivalent of the Upper Naungkangyi beds of the 
western part of the area, though these two have only about 25 per 
cent of their species in common. The Hwe Mawng beds lack the 
admixture of the Bohemian types of cystidians, and there is no trace 
of American affinities. The brachiopods are nearly all European 


Species, including such characteristic forms, or varities of them, as 


: Dalmanella testudinaria (Dall.), Stropheodonta corrugatella (Dav.), 


wee 


Plectambonites sericeus (Sowerby), and Christiania tenuicincta 
(McCoy). The trilobites, though for the most part new, are allied to 
European forms. 

The Nyaungbaw limestone contains few fossils but the 
remarkable crinoid bulb Camarocrinus asiaticus (Reed) is found here. 
This species is also known from Yunnan. In addition this limestone 
has furnished Scyphocrinus sp, Diplotrypa palinensis (Reed), Lingula 
cf. quadrata (Hichw.), Plectambonites repanda (Salter), and Orthis 
irravadica (Reed). The beds are probably of late Upper Ordovician 
age (Ashgillian), or they may represent early Silurian. 

The Ordovician beds of the Central Himalayas, have been 
especially studied in Spity and Niti, but are also known from other 
localities in the Himalaya and they probably extend a short distance 
into Tibet. The exposures near Muth and Shian on the Piu 
River are typical of this region. The series begins with 150 feet 
of shaly and flaggy quartzites, which rest uncomformably upon the 
Cambrian, and are followed by 300 feet of limestones, all more or less 
fossiliferous. ‘The beds are said to be succeeded without a break by 
limestones, and later by sandstones, with an early Silurian fauna. The 
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Ordovician fauna of these beds is remarkable, in that its affinities with 
that of Europe on the one hand, and that of Burma on the other are 
of the slightest, while in spite of the marked individuality of the fauna, 
there seems to prevail a strong American element. Reed compares 
this fauna with the American Trenton rather than with any other 
known fauna. As Reed remarks, it is difficult to conceive the path- 
way of connection between this Indian and the American fauna. 
Perhaps this relationship is more apparent than real, the similarily 
being due primarily to parallelism in development in the two regions, 
for the American Trenton fauna is complex and was also to a consid- 
erable degree derived from European emigrants. If, as the Indian 
geologists believe, these Himalayan beds are of late Ordovician age 
and pass without break into the early Silurian deposits, we may con- 
ceive that such a parallel development might have proceeded in late 
Ordovician time within this more or less isolated area. On the other 
hand we might assume that, if this fauna has really an American 
stamp, it reached this area by way of the northern channel across 
China in post-Actinoceras time. If that were the case, however, it 
would be strange, were all the evidence of such a migration removed 
by subsequent erosion in China and in Burma, which regions would 
have to be regarded as lying in the pathway of such a migration. Reed 
cites a Gonioceras from the Himalayan fauna which would seem to 
support the idea of a migration from the north, but it must be con- 
fessed that the generic identification is open to grave doubt. Still 
another possibility presents itself, namely that an opening was formed 
on the south connecting the Himalayan geosyncline with the Indian 
ocean, as seems to haye been the case throughout Cambrian time. 
But on such a supposition the absence of distinctively American types 
in Burma and in south China would be difficult of explanation, 
Evidently the problem requires more thorough investigation, and until 
more evidende is available it is perhaps better to consider the Spiti 
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fauna as a local one and that its suggestion of American affinities is 
more apparent than real and due to a certain parallelism in develop- 


ment, 
2. THE BOREAL PROVINCE (Figs. 80, 31). 


Of great significance for the understanding of the Ordovician 
formations of north China, is the recognition of the character and 
extent of the Boreal province in Ordovician time. Fortunately, 
enough of the distribution and character of the faunas of this province 
is known, to enable us to form a fairly complete picture of its 


geography and of the succesion of events which characterized it. 


40" 


Boreal Paleogeography-A.W.Grabau 1923 Lower Ordovician Beefkmantown 


Fig. 80. Paleogeographic map of the Arctic region, showing the relationships 
of the marine waters (black) which covered Asia, to those of Europe 
and America, and the routes of migration of faunas in Lower Ordo- 
vician (Beekmantown) time. 
_In applying the name Boreal or Arctic to this province, we 
do not wish to imply that it was a cold-water province, or that it had 


any of the climatic and oceanographic features which at ‘present 
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characterize the region in which it was located. Indeed, there is 
every reason for believing that in Ordovician time, as in the succeed- 
ing Silurian period, this province was characterized by mild climate, 
and that the waters were sufficiently warm to permit the growth of 
coral reefs, in regions which now lie within the Arctic circle. As has 
been repeatedly suggested elsewhere, such conditions are most satis- 
factorily explained by the assumption of a different position of the 
earth’s axis during at least the earlier part of the Paleozoic era, Thus 
the name of this province has reference to its location with regard to 


the existing geographical regions, rather than to the character of the 
province as such. 


S 72 ra y eee 


roa 


, 


A ICs AN? 
eK 


+ 


VA 


Fig. 31. Paleogeographic map of the Arctic region, showing the relationships 
of the marine waters (black) which covered Asia, to those of Europe 
and America, and the routes of migration of faunas in ‘Middle Ordo- 
vician (Black River) time. 
The general extent of the Boreal province in Early and Mid- 
Ordovician time is best seen by reference to the maps (Figs. 30-31). 


It comprised essentially the north polar region of today, with an 
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extension on the one hand into north-eastern North America along 
the line of the Appalachian geosyncline, and on the other into eastern 
Asia, along the line of the Chinese or Cathaysian geosyncline. Its 
southernmost extension was essentially coincident with the course of 
the modern Yangtze River, while on the north it broadened out into 
the Irkutz Basin of northern Siberia. The distribution of the faunas 
within this province, and their distinctness from those of the other 
provinces is so definite, that one. can not question the reality of the 
existence of this province in Ordovician time, nor its almost complete 
isolation, It was indeed a center of organic evolution in Early and 
Mid-Ordovican time, and not until the end of the latter period did it 
come to have any pronounced connection with, and relation to the 
other provinces of the earth. 

The subdivisions which have been adopted for this province 
‘are based upon the development of the system in the State of New 
York, in eastern North America; those of the Lower and Middle 
divisions being primarily derived from the succession of formations in 
the Champlain Valley. As has been noted, the deposition of Upper 
Ordovician strata was going forward in seas which to a certain extent 
had become confluent, so that we find that these late Ordovician 
formations contain a commingling of faunas in some cases of two in 
others of all three provinces. Bearing this fact in mind, we may take _ 
the succession of the Ordovican formations of the Boreal province as 
essentially conforming to the following divisions: 


North East American Subdivisions: 


Upper Orpovician or Trentonian, 

Queenston red shales (continental), 

Lorraine shales and sandstones, 

Utica shale and Trenton limestones (essentially equivalent formations). 
Mipprie Orpovictan or Chazyan, 

Black River limestone. 
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Chazy limestones, 
Hiatus and disconformity. 
Lower Orpbovician or Beekmantownian, 
Beekmantown limestones. 

Only the Lower and Middle divisions demand consideration 
in the discussion of the Boreal province, since the deposits of the 
Upper are no longer of a distinctive type. 

The marked individuality of the Lower Ordovician or Beek- 
mantown fauna of this province is seen in the dominance of cepha- 
lopod and gastropod life over other organisms. The former comprised 
to a large extent the Lndoceran types, (especially Proterocameroceras 
and Cameroceras) together with the remarkable genus Piloceras (Fig. 
41), and the still more strongly individualized genus Chihlioceras 
(Fig. 89). The leading gastropods belonged to the group of the 
Ophiletas (Fig. 40), though others were present as well. Finally the 
coral element was to a large extent represented by the Archsocyathid 
group, the genus Archexoscyphia (Figs. 37, 38) (type A. minganensis) 
predominating. This fauna is known from the St. Lawrence region 
of eastern North America, where it is found in north-eastern New 
York and the adjoining Canadian region, as well as on the Mingan 
Islands, and especially in western New Foundland (longitude 75° to 
55°W). The name of this fauna is derived from Beekmantown, a 
locality lying east of the Adirondack Mountains in New York State. 
In the New Foundland region, the waters of this province were, fora 
period, in more or less interrupted connection with those of the Atlantic 
province, while farther south in eastern New York, there appears to 
have been a temporary junction with the southern or Pacific province 
(Gulf of Mexico extension). 

The Beekmantown fauna is again found in the Durness lime- 
stone of northern Scotland (about long. 5° W.) the formation en- 


closing it resting disconformably upon beds with the Lower Cambrian 
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Olenellus fauna (Grabau 10). The Beekmantown fauna is how- 
ever ontirely absent from the corresponding Arenig beds of the 
Atlantic province which have their typical development in south 
Scotland, in England, and in Wales. Passing eastward along the 
border of the Boreal province we find its fauna again represented on 
Bear Island, between Spitzbergen and the Scandinavian coast (about 
longitude 20° B.). ‘he next eastern region in which this fauna is 
found is north-eastern China (about longitude 120° E.), but it is not 
improbable that the Archzocyathid Torgashino limestones described 
by von Toll (35) from Siberia (Krasnojarsk on the Yenissei, about 
longitude 92° E., latitude 56° N. and in the Salair, about longitude 
86° FE.) ; belongs to this horizon rather than to the Cambrian. Final- 
ly, completing the circle, we come back to about longitude 75° W., 
but this time within the Arctic Circle. Thé fauna found in the 
rocks of Lower Ordovician age in sonthern Ellesmere land (Clarkoceras 
holtedahli Foerste, Ellesmeroceras scheii Foerste) (Ioerste 6) is ap- 
parently this same fauna, though neither Archxoscyphia nor Piloceras, 
which are found in all the other localities, have been recorded from 
these beds. 

The Chazy beds of the Middle Ordovician are best developed 
within the deeper portions of the Boreal basin, for the Chazy series 
was primarily a transgressive one. Therefore we must look for the 
series in it completeness, only in those regions where the Beekman- 
town series is likewise most complete. This is probably to be sought 
for in the region of western New Foundland; but farther south in the 
northern section of the Appalachian geosyncline, we still find the 
series well developed. Thus in the Champlain basin, where the 
Beekmantown series retains a thickness of about 1,800 feet the Chazy 
series is at least 900 feet thick. It here includes three distinct mem- 
bers, a lower characterized by Orthis costalis, a middle, especially 
marked by the predominance of Maclurea (Maclurites) magna, and an 
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upper in which the leading form is Camarotechia plena. Farther 
south, in the Albany region of eastern New York, and the slate belt 
of the New York-Vermont region, the two series have dwindled to a 
minimum, only the lower members of the Beekmantown (Deepkill 
shales) being present, while of the Middle Ordovician only the higher 
member (Normanskill shale) is found. In this region, the shales 
carry the Atlantic graptolite faunas. It was this Albany axis, 
together with the clastic deposits formed over it, that made the chiof 
barrier between the faunas of the northern (Boreal) and southern 
(Pacific) portions of the Appalachian geosyncline (Fig. 32). 


and Middle Ordovician (Chazy ‘and Black River) of the Boreal 
province, to the same horizons of the Pacific province, along the’ 
N. E.-S. W. line of the Appalachian geosyncline in eastern North 
America, and the influence of the Albany axis, with its graptolite 
shales, in keeping the faunas of these provinces distinct until Black 
River time. 


Some of the members of the Chazy series are found on the 
Mingan Islands in the St. Lawrence Gulf, and a very extensive 
portion of this series is found in western New Foundland. These 
lower divisions are not definitely known from north Scotland where 
they seem to be overlapped by the Black River horizon. On Bear 
Island too, the true Chazy appears to be absent; beds of lower Beek- 
mantown age, with Archexnscyphia and Piloceras being succeeded by 
beds with a Black River fauna (Actinoceras limestone) . 


No true Chazy deposits are at present known from north 


China, where, so far as our present knowledge permits us to judge, the 


Actinoceras series (Black River) follows disconformably upon the 


The Ordovician System 61 


Beekmantown horizon which is characterized by Archaoscyphia, Pilo- 
cerus, etc. It is not at all impossible, however, that further search 
will reveal the true Chazy horizon, and such search should be especially 
successful in the northern part of the geosyncline, either in China 
itself, or in the regions farther north,* or it must be noted, that 
the only possible direction of retreat of the sea from this trough in 
Lower Ordovician time was towards the north, and‘that in turn, the 
direction of re-advance in Mid-Ordovician time was from the north. 
Hence, the older members of the Middle Ordovician series should be 
looked for in the more northern regions. 

Returning now to the Arctic region of North America, we 
find an instructive section an Bache Peninsula which forms a part of 
the eastern coast of Ellesmereland (75° to 79°16’ north latitude and 
about 74° 30’ west longitude) (Holtedahl 18). On this peninsula 
the light grayish-white ‘‘Orthoceras limestone’? about 350 feet thick, 
which crops out midway up the vertical face of Cape Victoria Head 
and from which the Beekmantown cephalopods (Clarkoceras and 
Lllesmeroceras), above referred to, were obtained, is succeeded by a 
series of sandstones alternating with limestones, and then by a bed of 
close-grained brown limestone about 100 feet thick, which contains 
Some fossiliferous layers. In these layers were found the gastropods 
Hormotoma and Maclurea, and the trilobite Bathyuriscus. From this 
same locality Etheridge (5) reports Maclurea (Maclurites) magna 
a typical Chazy fossil. It thus seems that these higher limestones of 
Victoria Head represent the Chazyan horizon, and that the sandstones 
separating them from the lower limestones mark the vicinity of the. 
disconformity and hiatus which probably separate the two divisions 
‘here as elsewhere in the Boreal province. The typical Black River 
fauna is found in higher beds which crop out eight miles to the north 


*Certain limestones in west Chibli province, carrying Maclurea may rep- 
resent this horizon, They have not yet been studied in detail, 
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of Victoria Head, the strata there dipping to the north-westward. 
Although the Chazy formation is known only from a few 
localities within the northern basin, the fact is well established, that 
it normally overlies the Beekmantown series, and underlies the Black 
River formation. If then we find, in widely distant localities, as in 
north Scotland, on Bear Island and in northern China, that beds with 
the Black River (Actinoceras) fauna rest directly upon beds with the 
Beekmantown fauna, this occurrence is sufficient to establish ‘the 
existence of the hiatus between the two formations, and moreover 
indicates, that the break in succession:covers the entire time of Chazy 
deposition, which we know to have been at least long enough to per- 
mit the formation of nine hundred feet of fossiliferous limestones in 
the Champlain valley. Though indirect, the evidence is none the 
less conclusive, and careful search in the regions involved will 
generally bring to light structural evidence of this break in succession, 
Tf the known distribution of the typical Chazy formation is 
limited within the area of the Boreal province, that of the sueceeding 
Black River division is as extensive as is the known distribution of 
the earlier Beekmantown. Indeed this division is not only found 
wherever the older division occurs, but in addition it appears to have 
a much wider distribution, resting by overlap in many sections directly 
upon older beds which belong to the other provinces. This is 
especially the case in North America, where, in the type region on the 
Black River, (west of the Adirondack Mountains in New York State) 
the Black River formation rests upon beds of Middle Ordovician age 
which were formed in the Pacific province (Lowville limestone). The 
game is true of this horizon in other parts of North America, This 
‘signalizes the confluence, at this stage of the transgression, of the 
Boreal waters advancing from the north (as we reckon compass 
directions today) , and the Pacific sea advancing from the south. 


The Black River fauna is as truly a biologic unit as was the 
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early Beekmantown fauna, and like that, was native to the seas of the 
Boreal province. Hence it is only where the transgression of this 
northern sea covered older deposits, that this fauna is found. Most 
marked among the elements of this fauna is the remarkable genus 
Actinoceras (Figs. 42-44) which is so characteristic of the strata that 
in some cases, notably in China, the formation is known by the name 
of. ‘‘Actinoceras limestone’. Associated with this form is the less 
specialized Stereoplasmoceras (Iigs. 45-46) which forms a connecting 
link between Actinoceras and Lowxoceras, the latter a typical Chazy 
cephalopod. Another type of cephalopod found in this fauna, and 


essentially restricted to it, is the remarkable genus Gonioceras. 


Finally the Endoceratide already typical of the Beekman- 
town period, are to a certain extent. still represented. Gastropods too 
are characteristic of this fauna, especially species of the genus Lopho- 
spira. Some of these may however have entered the fauna from the 
Pacific province. Much work is still needed before the faunas are 
fully differentiated. 


8. THE PACIFIC PROVINCE. 


We may now turn to a brief. consideration of the characters 
of the third of the known Ordovician provinces, namely the one which 
we have designated. the Pacific province. To a certain extent, this 
name is perhaps misleading, since we know practically nothing of the 
deposits of that period which were formed within the basin of the 
Pacific Ocean of today. Our only knowledge of: the deposits: here 
under consideration, and of their faunas, comes from: the interior of: 
North America, where sediments of this type are widespread, especially. 
in the United States, and it would perhaps be more to the point to 
term this. the North American province. Howeyer, since the waters 
which covered the interior of North America at this period; invaded 
that district from the region of the present Gulf of Mexico, and since 
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the Paleozoic predecessor of that water body was in communication 
with the Pacific across what is now part of Central America, and was 
separated from the Atlantic by the great continental mass of Appala- 
chia, there can be little doubt, that the faunas of this interior American 
region originated in the Pacific of that period, however much they 
became differentiated in the North American epeiric seas, from the 
deposits of which alone we know them. 

It is a regrettable fact, that the rich and peculiar fauna of 
the Lower Ordovician of this province i.e. the contemporaneous fauna 
of the Beekmantown and Arenig faunas, has as yet only partially 
been made known*. We know, however, that its elements were distinct 
from those of the other contemporaneous faunas, and that the 
dominant types were mollusks. The thickness of these Lower Ordo- 
vician beds is measured by thousands of feet in the southern Appala- 
chians, but along the southern margin of the Adirondack Mountains 
(Mokawk Valley) it is only somewhat more than 300 feet (Little 
Falls Dolomite), while along the western border of that mountain 
region it is overlapped by the upper strata of the Middle Ordovician. 
Again in the upper Mississippi Valley (in Minnesota etc.), the thick- 
ness of this lower division. is often less than a hundred feet. In all 
cases where the series is thin, the only part represented is the lowest, 
or one of the lowest members, the thickness increasing southward by 
the progressive appearance of higher members, after the manner of a 
typical retreatal series with off-lapping strata. The successive portions 
exposed during the retreatal movement of this Lower Ordovician sea, 
were covered by quartz sands washed from the northern shore out- 
wards, and these were more or less extensively reworked by the wind 
during the period of exposure. ‘Thus was formed the material] of the 
St. Peter sandstone, a rock which consists in the main of uniform, 


well-rounded quartz grains, which retain all the characteristics im- 


' *Mr. E. O. Ulrich has an extensive unpublished monograph on this fauna, 
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pressed upon them by-eolian activity. During the re-advance of the 
sea, in Mid-Ordovician time, these sands were in part incorporated as 
_a basal bed in the transgressive series. As in all such cases, the 
successive members of the Middle Ordovician overlap one another, 
each coming to lie, beyond the edge of the preceding member, upon 
the eolian sands of the St. Peter sandstone. The higher division of 
this transgressive series of Middle Ordovician strata, is know as the 
Stones River group. Where it rests upon the lowest members of the 
Lower Ordovician, in the region of earliest exposure, only its upper 
members are present, these having a combined thickness in places, of 
much less than one hundred feet, whereas the entire Middle Ordovi- 
cian series in the more southerly regions, measures several thousand 
feet in thickness. (Grabau, 12). 

The fauna of the Middle Ordovician of this province is like- 
wise distinct from the faunas of equivalent age in the other provinces 
i.e. from the Chazy fauna on the one hand, and the Llandeilo fauna 
on the other. Now and then some elements of the fauna of the other 
provinces may be encountered, especially in the higher members, for it 
is quite probable, that during the period of transgression, connections 
with the other provinces may have become established. 

Such a connection on a large scale became finally established 
during the period of deposition of the Black River beds, this connect- 
ion being more pronounced with the Boreal than with the Atlantic 
province. The graptolite fauna of the latter however spread rather 
widely in the interior North American sea towards the close of Mid- 
Ordoyician time’ (Normanskill fauna), as did probably also certain 
other elements of the Atlantic fauna. Such intercommunication of 
faunas between the several provinces became still more pronounced 
during the succeeding Trenton epoch, which in the interior of North 
America is represented by the Galena limestone. Finally in the latter 


part of the Upper Ordovician, the Cincinnatian period of American 
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history, the faunas became in large measure cosmopolitan. A more 
or less wide-spread re-emergence of the interior. American region was 
inaugurated, with the beginning of continental’ sedimentation along 
the borders of the Appalachian old-land. As a result of this emer- 
gence, a varying amount of re-erosion of the previously deposited 
strata took place, so that upon. the final’ transgression: of the sea, 
towards the close of Ordovician time, these latest’ Ordovician beds (the 
Richmond series), generally came. to lie disconformably, and with a 
hiatus: of varying magnitude, upon. older. members of? the Cincinnati 
group. or even upon the Galena limestone itself. The Richmond’ 
transgression. proceeded in part during the continuance of tho deposi- 
tion of the continental red’ Queenston beds, so that these: two series 
more or less replace each other. 

The close of the Ordovician was marked in: western Europe, 
as well-as in eastern North: America, by. the folding of:the strata which 
had. accumulated in the old geosynclines. No such folding is:at pre- 
sent known to have occurred within the territory of China, though 
what appears to be a. case of local folding, probably at the end of 
Lower Ordovician time, has been recorded by J. S. Lee from Honan 
(Lee 26). 

Having now reviewed the general characteristics of the Ordovi- 
cian deposits, and their history in. the several known basins, we may 
proceed to a.discussion of some of the details of the Ordovician strata 
of China in-so far as these have been ascertained. 

Orpovicran: Formations: or Norra Cnina. 

The Ordovician formations of North China belong entirely 
to the deposits of the Boreal province, having been formed’ in an 
extension of the Northern Sea within the Chinese or Cathaysian 
geosyncline.. The northern part of this geosyncline, which falls 
within the east Siberian. region, is at! present entirely unknown, but it: 
is believed that it joins the north central Siberian, or Irkutsk, basin in 
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the region of Yakutsk, to the south of the Verkhoiank range. The 
deposits of Ordovician age within this trough are known ‘from Féng- 
tien, Chibli, Shansi, Shantung, Kiangsi, Honan and northern Hupeh. 
The formations are chiefly limestone, ‘and were originally thought to 
be a unit. Von Richthofen referred the limestones in most of these 
localities to the Carboniferous Limestone (Kohlenkalk) or the Moun- 
tain Limestone of Europe (Dinantian).; Frech, Lorenz, and Willis and 
Blackwelder, however, recognized their Ordovician age. The latter 
named the entire‘series the Tsinan limestone from its occurrence in the 
vicinity of Tsinan-fu in ‘the province of Shantung. 

We now know that the series in question is not a unit, but 
comprises several distinct subdivisions. Moreover the evidence is at 
hand to show, that the lower and upper parts are separated by a 
marked hiatus, this being the wide-spread stratigraphic break which 
everywhere divides the Lower and Middle Ordovician. 

The most detailed studies of this series have beon made in 
eastern Chihli where the following subdivisions are recognized : 


I. In the Kaiping Basin If. In the Liu-Kiang Coal Field 
(Pig. (35) (NE. ‘Chihli, Fig. 36.) 
Upper Ordovician Upper Ordovician 
(absent) (absent) 
_ Middle Ordovician Middle Ordovician 
‘Machiakou limestone 800 m. 
(Hiatus and disconformity) (absent) 
Lower Ordovician Lower Ordovician 
-(absent) Tiangchiashan formation 275m. 
(absent) ‘Shihmenchai formation 155 m. 
Coralline limestone 200 m. Peilintze formation: 100 m. 
Yehli limestone 200 m. (Base not exposed). 
GHnatusand disconformity) ae, isis, .stecsendensedleseevers.wchorerehs 
anemOumbein sits <-, 1 esaepeeeepnil ait Soret os tae ay SaebE oS holae ee 


Sn oshanslimestone crepes, we willis ..45sopediote seca von speny peep y rane rea ; 
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The base of the Ordovician system is exposed in a number of 
localities along the northern rim of the Kaiping basin. The most 
instructive exposure is found in a ravine at the foot of Féngshan, a 
hill about 2 li east of the village of Yehli. The following sections 


Conglomerate Yehli limestone 


Fig. 33. Section of the Cambro-Ordovician contact and disconformity,east of 
Yehli, Chihli; a, Féngshan limestone (Upper Cambrian) ; b, Basal eon- 
glomerate, 1 m.; c, Yehli limestone (Lower Ordovician), 


(Figs. 33 & 34) show the nature of the contact in this locality. The . 
Upper Cambrian Féngshan limestone is a thin-bedded lime-mud rock 
or calcilutyte, of light tan color on the weathered surface, the series 


ee eee 
PDFS Sle OY 200 


Fig. 34, Details of disconformable contact of basal Ordovician conglomerate on 
Upper Cambrian (Féngshan) limestone, east of Yehli, Chihli, 


passing downwards into more shaly members. Upon an irregular 


erosion surface, which marks the upper limit of the formation, rests 
a bed of limestone-conglomerate of a rather remarkable character, 
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The pebbles of this conglomerate consist entirely of the material of 
the Féngshan limestone from which they were derived, while the 
matrix in which these pebbles are embedded is a finely granular or 
suberystalline purplish lime-sand, the material being essentially that 
of which the succeeding higher limestones are composed. Where the 
surface of the conglomerate is exposed to weathering, as in the locality 
shown in the section Fig. 38, the pebbles stand out in relief, and their 
well-rounded and closely packed character forms a striking feature of 
the exposure, suggesting strongly the general appearance of a bed of 
unconsolidated river-laid gravels. In sections of the rock, the pebbles 
show considerable variation in form and size, but all of them have 
their corners well rounded. In size the pebbles range to an inch or 
more in major diameter, but most of them are much smaller, When 
broken, the pebbles show the olive-gray color and fine texture of the 
limestone from which they were derived, but the surfaces of the pebbles 
area always strongly oxidized to a deep brown color. This color is 
seen to form a marginal zone on the recently fractured faces, the color 
being deepest just below the surface and gradually fading away inwards. 
The thickness of the oxidized zone is usually a millimeter, being the 
same on pebbles of different sizes, and uniform, except at the ends of 
the pebbles, where, by confluence, the discolored portion may appear 
much thicker. Not infrequently the pebbles are pierced by small 
holes, apparently solution hollows in the original rock. These holes 
are filled with the purplish matrix, and are likewise surrounded by a 
zone of discoloration. But the most significant fact observed, is the 
absence of the zone of discoloration on fracture faces where the pebbles 
were broken shortly before becoming embedded in the matrix, while in 
those places, where the pebble was only partly chipped, the outer dark 
portion of the rind, or zone of discoloration, is absent on the chipped 
area, the deeper-lying, lighter colored portion alone remaining. The 
obyious conclusion to be drawn from these facts is, that the brown 
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rind or oxidized zone, was formed before the pebbles were embedded 
in the matrix, that is during the period which followed their forma- 
tion, and while they were exposed to atmospheric influences. The 
coating has the characteristics of a ‘‘desert varnish’’, such as is 
formed on pebbles exposed in a dry climate for a long period of time. 
If such pebbles are broken or chipped when, in the transgressing sea, 
they are reworked into a basal conglomerate, these broken surfaces 
would be devoid of the oxidized zone, whereas if that zone were 
formed after the pebbles were embedded in the matrix, these broken 
surfaces should show the same degree of oxidation. These considera- 
tions lead to the conclusion, that the pebbles were exposed for a long 
period of time to atmospheric influences, and that, during this in- 
terval, the oxidized zone was formed on all the exposed surfaces, after 
which the pebbles were embedded in the sands of the transgressing 
Ordovician sea. During this process, some of the pebbles were chipped 
or broken, but the fractured surfaces were not again oxidized, not 
being any longer exposed. This would indicate that the interval 
between the retreat of the sea at the end of Cambrian time, and its 
re-adyance in Ordovician time, was of long duration. 

The conglomerate averages about two feet in thickness but in 
some cases this is somewhat greater, It is conformably succeeded by 
the normal delomitic Yehli limestone, which in its lower portion 
frequently contains intra-formational conglomerates. These are com- 
posed of cake-like masses of the rock, embedded in a matrix of the 
same character, the cake-like “pebbles”? usually lying in all positions 
instead of being parallel as in a normal water-Jaid conglomerate, Such 
layers indicate shallow water during their formation, with possibly — 
temporary exposure, and probably gliding and fracturing of partly 
consolidated layers (Grabau 9b, pp, 779-785). Such intra-formational 
conglomerates do not indicate a marked interruption in sedimentation 
as do the basal conglomerates hefore described. It is noteworthy that 
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Cambrian 


Lower Ordovician 


Middle Ordovician 


Carboniferous 


shan, north of Chao-Kou-Chuang, Kaiping basin; a, Cambrian 


Section of the Ordovician formations of Chang- 


Fig. 35. 


c-g, Lower Ordovician; c, Ophileta bed; ¢@, con- 


er Cambrian (Féngshan? formation) ; 


(Changshan formation); 6, Upp 


; f, shale; g, limestone; h, Machiakou limestone followed discon- 


cretionary limestone; ¢, massive limestone (coral bed) 


formably by Carboniferous (Taiyuan) sandstones (erroneously drawn as limestones) and shales; 7,—loess (Y. C. Sun). 


the fragments or ‘‘peb- 
bles’? of these  intra- 
formational — conglome- 
rates are not marked by 
the oxidation zone which 
is seen in the pebbles of 
the basal conglomerate. 
The basal conglomerate 
is by no means always 
present at the contact, 
Indeed in the area of 
its typical development, 
there are sections in 
which it does not occur, 
but where instead, the 
Yehli limestone rests” 
directly upon the Féng- 
shan limestone. In 
Chang-shan, the high 
ridge of limestone which 
forms the northern bound- 
ary of the basin near 
Chao-Kou-Chuang, the 
contact between the Cam- 
brian and Ordovician is 
not marked by a conglo- 
merate (Fig. 85). Here 
the  Yehli limestone 
begins with beds charact- 
erized by Orthis and 
Ophileta. Elsewhere this 
limestone has yielded the 
“siphuncles’” of the 
primitive cephalopod 
Suecoceras. : 
The thickness of the 
Yehli limestone in 
Chang-shan is about 
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Section of the Lower Ordovician formations of the Shih-Men-Chai region in North East Chihli; a, Cambrian; 


Fig. 36. 


b, Peilintze formation, 95 meters exposed; c, Shihmenchai formation, 155 meters; d, Liangchiashan formation, 


J, intrusive dykes; 2, sills. 


275 m. F.1, F.2, F.8, fossil localities. 


200 meters, end it is followed by 
another 200 meters or more of a 
coralline limestone, this being in 
turn succeeded disconformably by 
the Machiakou or Actinoceras lime- 
stone of late Middle Ordovician 
(Black River) age. 

The Lower Ordovician strata 
are again well exposed in the Liu- 
Kiang Coal field (Shih-Men-Chai) 
in northeastern Chihli provinces, 
about 70 miles to the northeast of ~ 
the Kaiping basin (Section Fig. 36). 
The base of the section is not 
exposed in this district, so that the 


full thickness of the basal series, the 
Peilintze limestone, is not known, 


that of the exposed part being 95 
meters. It is probable, though not 
certain, that the Peilintze limestone 
horizon is above that of the Yehli 
limestone, which is, however, not 
exposed in this section. 

The Peilintze limestone has two 
fossiliferous zones in the upper part, 
and these have yielded the following 


fossils: 
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Fig. 87. Restoration of Archwxoscyphia 
chihliensis Grabau, about one- 
half natural size. 


Lower Ordovician of the Boreal 
province. 

The Shimenchai formation, 
which succeeds the* Peilintze, 
consists very largely of shales 
with intercalated limestones. 
It has so far yielded no fossils. 
The succeeding Liangchiashan 
limestones however, have yield- 
ed another typical Beekman- 


town fauna from a fossiliferous 


Ordovician System 
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ARCHHOCYATHIN AS 
1. Archxoscyphia chihliensis Grabau 
(Figs. 37, 38). 
GASTROPODA 
2. Ophileta squamosa Grabau 
3. Fusispira sp. 
CrEPHALOPODA 


4. Froterocameraceras mathieur 
Grabau 

5. Chihlioceras nathani Grabau 
(Fig, 39). | 

6. Chihlioceras  chingwangtaoense 


Grabau 
7, Piloceras platyventrum Grabau 
(Fig. 41), the latter doubtful from 
this horizon. 
This is a typical Lower Beek- 


mantown fauna, or the fauna of the 


Grabau, 


Fig. 88. Archwoscyphia chihliensis 
Polished cross-section. 
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zone in the upper portion (Section Fig. 36 13.) where the following 
species were obtained: 


\ 
i 


a 


Fig. 89. Chihlioceras nathani Grabau; a, model of shell, restored. (surface annula- 
tions omitted). b, model of final endosheath removed from shell; 
c, side view of same; all two thirds natural size. 


“GASTROPODA : 

1. Ophileta plana Grabau, (Fig. 40) 

2. Hormotoma doquiert Grabau 
“CEPHALOPODA : 

3. Cameroceras styliforme Grabau 

4. Piloceras platyventrum Grabau (Fig. 41) 

The Machiakou limestone is apparently absent in 
this region, beds of Carboniferous age (Taiyuan 
_ series?) succeeding the Lower Ordovician beds discon- Fig. 40. 

formably. The absence of this limestone is due to the ee eg oe 
post-Ordovician erosion which affected the whole of top view of young 
north China, and which extended deeper in this region AF 
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¢+han in most others. 
The Machiakou or Actinoceras limestone, which is so well 


developed in the Kaiping basin 70 miles south-west of the Shi-Men- 


Fig. 41. Piloceras plativentrum Grabau; a, b, worn specimen; ¢, top view, 
_ (slightly reduced). 


Chai region, is again found 200 miles north-sast of this region at 
Hsiau Sérr in Féngtien (Manchuria), the locality where yon Richtho- 


Fig, 42b. 
Actinoceras richthofeni Frech ; 
section. 


fen discovered the first specimens of 


Actinoceras in Chinese rocks. Here the 
Fig. 42a. lower limestones appear to be absent, 

i a ichthofent Frech; side peek: Gg 
acanr aaacuioentaykscch j aside 7 1 ausA’ctinocerascheds resting by overlap 


view of shell. 
directly upon the Cambrian strata. 


p= 


76 Stratigraphy of China 


The Machiakou limestone is the most wide-spread of the 
Ordovician formations of north China, its known extensions being 
from Féngtien and Korea in the north-east, to northern Hupeh in 
the south-west, a direct distance of about 
800 miles, and from central Shantung in 
the south-east to eastern Shansi in the north- 
west, a distance of about 250 miles. It is 
entirely unknown south of the Yangtze, 
where its place is taken by limestones with a 
European type of fauna. The age of the Ma- 
chiakou limestone is late Middle-Ordovician, 
corresponding to the Black River, and per- 
haps the early Trenton (early Upper Ordovi- 
cian) of North America. The fauna is the 


Fig. 43. 


Black River fauna of the Boreal province, 
Aclinoceras richihofeni Frech, 


ne: : though there are found also a few elements 
longitudinal, section. 


of the European fauna (Orthis calligramma) , just 
sufficient to show that a slight connection existed 
with the sea which then covered south China. 
The cephalopods form the most important 
element of this Machiakou fauna. All of them 
belong to the group to which the modern 
Nautilus belongs, but they are for the most part 
highly specialized members of this group. The 
known species are straight-shelled or slightly 
curved forms, no coiled species having so far 
Leen discovered in this formation in north China. 


These occur however in beds of corresponding 
“ ~ 4 ' Fig. 44, 
age in central China, being members of the ae 


; car Actinoceras tani Grabau}, 
southern fauna. The more characteristic cepha- weathered section. 
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lopod genera are Actinoceras, Cyrtactinoceras, Gonioceras, and Stereo- 
plasmoceras. Others, also represented in the southern fauna, are 
Cycloceras and Vaginoceras. A brief characterization of each of these 
is here given: 

ACTINOCERAS (Figs, 42-44) This fossil 
is among the most common in the Middle 
Ordovician limestones of north China, and 
from it the formation is often called 
Actinoceras limestone. ‘The shell is tapering , 
cylindtical or compressed, and divided into 
many chamibers by transverse septa. Unlike 
the similar straight shells of the Silurian 
and Devonian, the chambers of the Actino- 
ceras shell are always more or less filled 
with stereoplasm, i.e. calcium carbonate 
deposited there by the animal, The central 
tube or siphunclé swells into a series of 
Beads or nummuli, the whole resembling 
one of the elements of the Chinese calculat- 
ing frame Or Suanpan (48##), one of the 
species being named accordingly Actinoceras 
suanpanoides. The nummuli are however 
filled by regular deposits of stereoplasm 
(organically deposited calcium carbonate) 


leaving only a narrow central tube or 

Fig. 45. Stereoplasmoceras pseudo- endosiphuncle, visible in some of the 
septatum Grabau;~miedian sections, -'The first species found in China 
CITA Was Actinoceras richthofeni, (Figs. 42-43) 

a large rapidly tapering form of oval section. 4. tuni (Fig. 44) and A. 
suanpanoides ate among the commion species, while A, nanum is the 


smallest kiiown form, : 
CyrtActiNocreras, This genus is related 10  Actindceras, 
differing from it in the gentle curvature of the shell, and in the form 
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which is short and relatively stout. Its internal structure is like that of 


_Actinoceras. 


Gonioceras. This is a compressed shell of similar character. 
The chambers are however empty, and the septa are not regularly concave 
as in the preceding forms, but are sharply bent down again in the outer 
half, though this part is commonly broken away in the specimens. The 
genus is rare in China, and like Actinoceras is otherwise known only from 
‘the late Middle and early Upper Ordovician of North America and the 
Arctic region, 


STEREOPLASMOCERAS. (Figs. 45, 46). This form 
is intermediate between Qrthoceras (or Loxoceras) 
and Actinoceras. Its chambers are partly filled 
with stereoplasm, and there are generally additional 
partitions or pseudosepta (especially in Stereoplas- 
moceras pseudoseptatum (Fig. 46). The siphuncle 
is nummuloidal as in Actinoceras, but not filled with 
regular layers of stereoplasm. Instead, it is com- 
monly filled with lime-mud only (being empty in 
the shells before burial and fossilization), or there 
is an irregular deposit of stereopJasm quite different 
from that found in Actinoceras. The genus is com- 
mon in the Ordovician of north China and resem- 
bles Orthoceras. 

Cycioceras, This isa member of the QOrtho- 
ceras group, but the shel! is marked by concentric 
annulations or rings which give it a distinctive 
appearance. This genus is also. common in the 
Ordovician of central China (See Fig. 70). 


VaciNoceras. This is a rare form in the 
Upper Ordovician of north China, but common in 
Fig. 46. Stereoplasmoceras 

pseudoseptatum Gra- 


bau. Sub-median siphuncle, filled with organic lime-deposits (stereo- 
section. 


this horizon in central China. It has a large 


plasm), which consists of a succession of funnel- 
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shaped sheaths, with solid lime-deposits between these. 
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Frequently the 


siphuncle is alone preserved, the outer shell having been worn away. 


Fig. 47. Eccyliopterus kushanensis Grabau, 
top and section. 


lower side of the whorls showing a large umbilicus 


(Fig. 50). 


Among the Brachiopoda, Strophomena is the 
_ most common genus, but the specimens are seldom 
well preserved. Orthis calligramma, (Vig. 67) a 
southern form, is also sometimes found. Trilobite 
fragments of the genus Asaphus are not uncom- 
mon, but, they are rarely well preserved. 

In the Kaiping basin, where the Machiakou 


Another class of Mollusca, 
that of the gastropods, is also well 
represented in this fauna. Among 
the more characteristic genera are 
the following: ccyliopterus, a 
flat shell with sunken spire and 
marked keel-like shoulder angle 
(Fig. 47); Lophospira, a high- 
spired form with flat shoulder and 
sharp keel-like shoulder angle, 
characterized by a notch (Vig. 
48); Pagodispira, a similar form, 
but drawn out into a long spire 
(Fig. 49); and Liospira, a low 
broad-spired form, the shoulders 
of the successive whorls forming a 


continuous slope, and the flat 


Fig. 48. 
Lophospira morrist 
Grabau x 2. 


limestone rests disconformably upon Lower Ordo- 
vician limestones, and is disconformably succeeded by shales and 


sandstones of the Taiyuan series (late Dinantian), the thickness of 
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this rock is perhaps 300 meters. Whether its lower part represents a 
part of the Chazy series is still unknown, but this seems likely. 

Near the western border of Chihli, at the Ching- 
Hsing Coal mine, a short distance west of Hwo-Lu- 
hsien, the limestone, some distance below the sum- 
mit, carries Maclwrea of the M. magna type. This 
may represent the Chazy horizon. 

In Shantung, the Machiakou limestone has a 
wide distribution, but fossils are known chiefly 
from the upper portion, where Actinoceras ig ag 
usual the dominant type. Willis and Blackwelder 
included this limestone in their Zsinan formation, 
to which they assigned a thickness of 850 meters. 


They recognized two 


Fig. 49. ven’ 4 Hod 
Pagodispira derwiduii divisions in this lime- 
Graba sae stone series: a lower, 


which is ‘‘a variable sequence of light- 
colored argillaceous limestones or dolo- 
mites and thin shales’’ without fossils; 
and an upper, a brown dolomitie lime- 
stone of fine texture, and occurring in 
massive strata. The upper member 
comprises about nine-tenths of the 
series, and. carries the Actinoceras fauna 
in the higher part. How much of it is 
to be assigned to the Machiakou lime- 
stone is at present unknown. Nor is if 
known whether the succession is con- 


tinuous throughout the higher series. 
If it is continuous, it is likely that a 


j Fig. 50. Liospira barbouri. Grabau 
part of the series represents the Chazy (enlarged x 24). 
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horizon. No disconformity was recognized by Willis and Blackwelder 
hetween the two divisions of their Tsinan formation, but this may 
exist, and indeed, evidence of it has recently been found by Mr. Sun. 
It is quite probable that the lower unfossiliferous portion represents a 
part of the Lower Ordovician, though at present there is no palronto- 


logical evidence to substantiate this assumption. 


The thickness of the Machiakou limestone, and its relation to 
other formations, in other parts of north China are still unknown, but 
its presence over wide areas is recognized by the occurrence of the 


characteristic fossils, especially the genus Actinoceras. 
ORDOVICIAN FoRMATIONS oF SOUTHERN AND CENTRAL CHINA. 


The Ordovician of southern and central China belongs to the 
deposits of the Atlantic European type, and, as has been previously 
stated, these faunas are in all essentials distinct from those of corres- 
ponding horizons in north China, while they show a remarkable 
correspondence with the faunas of contemporaneous deposits in 
western Europe. Indeed many European species re-appear in China 
practically without modification, though others show a certain amount 
of individuality, and although related to European forms, are never- 
theless distinct species. As has been outlined in previous pages, the 
line of migration from Europe into southern China was by way of the 
‘Himalayan geosyncline—the region now characterized by some of the 
loftiest mountains of the earth, but which in Paleozoic time was a 
trough of subsidence, repeatedly flooded by marine waters, and in most 
periods, the principal highway of communication between the seas 
which covered China and those which covered Europe. The localities 
which have furnished Ordovician fossils are already quite numerous, 
but there are many others, the study of which will yield a rich harvest 


of facts which will bear upon the Ordovician history of China. 


YunnAN.—Lower Ordovician strata are at present unknown 
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in south China, though they may exist there. Middle Ordovician 
formations are, however, well developed in western Yunnan though 
the Ordovician appears to be wholly wanting in eastern Yunnan. 
Three localities have furnished fossils of Middle Ordovician age, 
namely Pupiao GHz) (Lat. 25° 2’ N. Long. 99° 6’ E.); La-meng 
(Lat, 24° 44’ N. Long. 98° 58’ E.); and Shih-tien (fiji) (Lat. 
24° 45’ N. Long. 99° 12’ E.) 


Fig. 51. Sinocystis loczyi Reed. Shih-tien; a, slightly compressed specimen, ¢ 
nat. size; b, upper or mouth area, enlarged xX 21, (m=mouth, 
a=anus, /i=hydrospire, g=gonopore) ; ¢, partly worn plate, showing 
tubercles with diplopores (respiratory? pores) X 7. (After Reed.) 


“The Ordovician beds [of the Pupiao locality] form a small 
inlier in the steep hill-side which rises to the north of Pupiao plain, 
a small valley filled with lacustine deposits of late Tertiary age, drain- 
ed by a stream flowing north-west to join the Salween, which is only 
10 miles away to the west in a straight line. At the top they are 
covered with limestones, which are probably of Carboniferous age, 
while before the bottom of the hill is reached, they are buried by the 
tuffg which, with associated contemporaneous lava flows, shales and 
limestones of Carboniferous age, build up the western end of the 
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valley. The whole exposure is not much more than one half mile 
wide’’ (C. Brown. 38, p. 328). 

The fossils are distributed in several minor horizons, as follows: 

(1) Reddish-yellow soft and occasionally sandy shales, 

(2) Hard nodular limestones with shaly laminz. 

(3) Very fossiliferous, fine-grained greenish-grey hardened shales. 

(4) Rocks of the same character, further down the hill. 

The more important species are the following: 

GraProLita;: Didymograptus murchisoni (Beck) (3, 5) (Fig. 
28b) ; D. murchisoni var. geminus ( His.) (3, 5); Didymograptus indentus 
(Hall) (3, 5); Climacograptus Cf. scharenbergi Lapw. (3). CysTorpEAa: 
Echinosphexra cf. aurantium (Gill) (5); Echinoencrinus sp. (1, 3, 4); 
*Caryocrinus cf. turbo Bather (2). Bryozoa: Pachydictya sp-, (3, 4). 
BRACHIOPODA: Orthis pretor (Reed) (1, 3, 4, 5) (Fig. 55). Hyorrruipa:: 
* Flyolithes ct. clivii Reed (3) ; **H, cf. loczyi Reed 
(3), TRiLoprrat: Remopleurides aff. latus Olin. 
(3); Ogygites yunnanensis Reed (3) (Fig. 56) ; 
Ilenus cf. esmarki Schloth. (3); 7 cf. tauricornis 
Kut. (5); Nileus armadillo Dalm. (3, 5); Bathyurus 
mansuyt Reed (4); Lichas (Metopolichas) aff. 
verrucosus Eichw. (4); Calymene unicornis Reed 
(3); Pliomera martellii Reed (1, 4, 5). 

Besides these, there are undetermined species 
of cystoids, brachiopods, ( Orthis, Streptis, Porambo- 
nites), pelecypods (Ctenodonta, Conocardium), 
gastropods (Rhaphistoma, Cyrtolites), cephalopods 
( Orthoceras) , and ostracods (Primitia). 


Fig. 52. . The fauna of the beds at La-meng occurs in 
Ovocystis mansuyi Reed 
Shih-tien. Left side of 
a complete specimen, with somewhat splintery fracture. None of the 
natural size. (After 
Reed .) 


dark red or purple massive calcareous mudstones 


fossils are well preserved. They comprise cystoids 


* Occurs also in Lower Naungkangyi beds of Burma. 
** Occurs also in Upper Naungkangyi beds of Burma. 
1-4=horizons thus numbered, 5=horizon indeterminate. 
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(Heliocrinus aff. fiscella Bather) , brachiopods (Plectambonites, Orthis) , 
bryozoa (Pachydictya?), Orthoceras and trilobites (Harpes aft. spasski 
Hichw., Ogygites?) . 

At Shih-tien, the strata ‘‘crop out on a 
hill side to the west of the alluvium-filled 
valley, which forms the small Chinese district 
of Shih-tien (Jfij43]) a few miles to the south 
; of Yung Ch’ang Fu (34 )F) and west of the 
é Salween. On the west they appear to be 


overlain by the older Paleozoic metamor- 


phosed limestones, identical in appearance 
with the Plateau Limestone of the Northern 
Shan States. Towards the east they are 


we dh te, 
nA ee 
tye ae yeh ee 


ane, 


\ ig? / covered by the alluvial deposits of the plain’, 
\ / (3. G. Brown 8 p. 381). 
Ee ii The succession of strata determined in this 
‘eH region by Brown is as follows, in descending 
Fig. 53. 


order, commencing at an elevation of 6,700 feet. 
Echinosphxra sinensis Reed. 2 g dh 


Shih-tien. a, anterior view 1. Hard light gray limestone, apparently un- 
of upper part with remainder 
restored # natural size; b, 
posterior side of adoral pole 2, Red earthy limestones 
of same specimen showing 
plates; x, (a=anus; l= 
hydropore.) stones, including a 


species of J/lxnus and cephalopods (Endoceras, 


Orthoceras, Cyrtoceras, Spyroceras?). 


fossiliferous. 


and dark shaley lime- 


3. Black fissile shales, faulted into the series and 
abounding in Silurian graptolites(See Chapt. V). 


Fig. 54, 
4. About to feet of greenish gray nodular marls, Heliocrinus __fiscella 


oe ote: Bather. Anterior face 
containing Orthoceras and crinoid (?) stems. of specimen, nat. size. 


5. A series about 260 feet in thickness, Red marls (a=anus; g=gono- 
: sag Te 5 m=mouth.) 
with a roughened nodular surface, containing (After Reed.) 
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Orthoceras and crinoid stems with intercalated greenish shales and 
lenticular limestones with many fossils. 

6. Black massive shales with layers of concretions, ornare for a thick- 
ness of about 60 feet. Below these beds cnly poor exposures of 
weathered igneous rock were found for the next 200 feet, after 
which occurred scattered exposures of shales with Silurian grapto- 
lites, evidently displaced. 

The following species have been found in these beds: 

CystoIDEA: Sinocystis loczyi Reed (5a) (Vig. 51); S. yun- 
nanensis Reed (5a); Ovocystis mansuyi Reed (5, 5a) (Fig. 52); Pyro- 
eystis? orientalis Reed (2, 5); Eucystis cf. raripunctata (Ang.) (5a); 

Echinosphxra asiatica Reed (5a); E. sinensis Reed (5a) (Fig. 53); 

Spheronis lobiferus Reed (5, 5a); S. shihtiensis Reed (5, 5a); *Helio- 

crinus fiscella Bather (5, 5a) (Fig. 54); *H. qualus Bather (5a); H. 

subovalis Reed (5a); H. cf. balticus Eichw. (5a); Caryocystis bicompressa 

Reed (5). CRINOIDEA: ** Oa marocrinus asiaticus Reed (5a) . BRACHIOPODA: 

Philhedra sinensis Reed (6); Hemipronites giraldi (Martelli) var. yunnan- 

ensis Reed (6); Orthis prxtur Reed. (6) (Fig. 55); Rafinesquina sp. 

(5a). Trinopita: Asaphus aff. expansus (Linn.) (6); lllanus cxcoides 

Reed (5) (Fig. 57); J. aff. oblongatus Ang. (5a); I. aff. schmidti Nieszk. 

(6); I. aff. punctulosus Salt. (2); Lichas (Metopolichas) celorhin (Ang.) 

cf, var. coniceps H. v. Leucht (6); Culymene sp. (5a), GastRopopa: 

_ Halopea (Haplospira?) sp. (8); Bellerophon (Sinuites) cf. rugulosus 

Koken (5), CEPHALOPODA: Endoceras wahlenbergi Foord (5a); E. cf. 

cancellatum (Eichw.) (5a); EH, aff. reinhardi (Boll.) (2); Orthoceras 

regulare Schl. (2, 5) (Fig. 58); Orthoceras cf. kinnekullense (Foord) 

(5); O. cf. scabridum (Ang.) (2); O. (Protocycloceras?) deprati Reed 

(6); Actinoceras cf. bigsbyi Bronn (5a); Jovellania sp. (6); Cameroceras? 

Sp. (5a); Cyrtoceras sp. (2); Spyroceras? Sp. (2); Trocholites yunnanensis 


* Also found in Lower Naungkangyi beds of Burma 
** Also found in Nyaungbaw limestone of Burma. 
1-6—horizons as listed; 5a, weathered outcrops of various beds on lower 


slopes of hill. 
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Reed (5); 7. aff. macromphalus (Schrod.) (5); Lituites sp. (5); Tarphy- 
ceras? Sp. (5). 2 


The most characteristic and abundant fossil in 


the collection from Pu-piao is Ogygites yunnanensis 


(Vig. 56). Didymograptus murchisoni (Fig. 28b.) 
Fig. 55. and its variety geminus, appear to be next in abun- 
Orihis pretor Reed. dance, while Orthis pretor (Fig. 55), appears to take 
ies la nine third place. The graptolites indicate that the horizon 
Reed). of this fauna is the D. murchisoni (D. geminus) zone 
of the Llandeilo of Great Britain, while the other fossils indicate the 
Orthoceras limestone of Sweden, or the zones BIII-CI of the Baltic 
Provinces of Russia, or in general upper 
Lliandeilan.* There is scarcely any trace 
of an American element in this fauna, 
though the trilobite Bathyurus, and the 
species of Ctenodonta and Cyrtolitina 
might suggest such. No relationship 
exist with the north China Ordovician 
faunas. 

There seems to bo only the scantiest 
relationship between this fauna and that 
of the Naungkangyi and Hwe Mawng 
beds of the Northern Shan States of 
Burma, though Orthis prextor appears to 
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y “ey Yi YY VY YY 
YIM Maw 


Fig. 56. be represented in Burma by 0. irrava- 
Ogygites ynnnanensis Reed; nearly 


; - dt ites yunnanensis 3 
complete specimen, slightly dis- dica, and Ogygites y 7s by oO 
torte|. x1}. Pu-piso (After Reed). birmanica. They cannot represent the 
same horizon, and it may be that these beds belong above the Lower, 


and below the Upper Naungkangyi beds or they may belong below 
the Lower bed. 


*For the relationships of the several European divisions see Grabau, 10. 
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As already noted, the Lameng beds are probably of the same 


age as those from Pu-piao. 


Fig. 57. 
Iilenus cxcoides Reed; natural size. 
Shih-tien. (After Reed). 


Baltic provinces of Russia, as is also suggested by the 
abundance of ecystidians and especially the presence of 
Lichinosphera (Fig. 53) among these. It is probable 
that these beds are slightly higher than those of Pu-piao. 
They may be the equivalent of the Upper Naungkangyi 
beds of Burma while the horizon from which Camaro- 


erius asiaticus was obtained may represent that of the 


The fauna of the Shih-tien beds 
appears to represent essentially a unit. 
The most abundant species are the 
cystoids Stnocystis loczyt (Fig. 51), 
and Ovocystis mansuyi (Fig. 52), 
while the abundance of cephalopods, 
especially Orthoceras regulare (Vig. 
58) is also striking, The horizon is 
probably that of the 
upper Orthoceras lime- 
stone of Sweden but 
may represent the lower 
Chasmops beds of that 
section, or C I Y of the 


Nyaungbaw limestone of Burma in which that species Fig. 58. 
also occurs.» From the general similarity of the fauna Orthoceras regu- 


lare (Schloth). 


of the Lunshan limestone of Nanking, this appears to Internal _ filling 


with shell re- 


represent the same general horizon as the Shih-tien beds moved showing 


of west Yunnan. 


septal ed ges, 
andcross section 
showing .. posi- 


No Ordovician strata are known from eastern Yun- tion of siphun- 


cle; natural size. 


nan; those formerly described as of this age are now a? (After 


known to belong to younger horizons, 
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Txpo-Cuina. Closely related to the Ordovician of Yunnan, and 
geographically forming a portion of these deposits, are the Ordovician 
beds of Indo-China. So far, Ordovician faunas are only known from 
Tonking and from Annam, a number of those previously described 
from other section were based upon material of foreign origin, or were 
erroneously placed in the Ordovician. The revised lists of these fossils 
are given by Mansuy (20, 22, Bibliography V). 

In Tonking, Ordovician faunas are actually known to occur 
in two localities only. These are in the shales of Nam-ho, in the 
Pho-binh-gia quadrangle, and in those of Nga-hai, in the Thanh-ba 
quadrangle. From the former locality only two species have been 
obtained, a trilobite, Calymmene douvillit Mans., which occurs in great 
abundance and is closely related to C.nivalis Salter from the Himalayan 
Ordovician, and a brachiopod which appears to be identical with 
Rafinesquina umbrella Salter, which is also a typical species of the 
Himalayan Ordovician. The Nga-hai shales of Thanh-ba quadrangle, 
have also furnished two species of brachiopods, namely Orthis budleigh- 
ensis Dav., a characteristic species of the late Middle and early Upper 
Ordovician of Normandy (Grés de May) of Spain ete., and Stropho- 
mena expansa Sowerby, a Caradocian and lower Llandovery (Silurian) 
species. These species suggest an Upper Ordovician age for the Ton- 
king strata. 

The Ordovician formations of Annam comprise the Asaphus 
sandstones of Dong-son, 4 kilometers N, N. E. of Thanh-hoa, north 
east Annam, a short distance south of the Tonking border. The 
fauna is rich in trilobites, among which new forms of Asaphide pre- 
dominate. Those identified from this horizon are; Ogygites (?) 
annamensis Mans., Asaphopsis jacobi Mans. (gen. et sp.), A. reedé 
Mans., Isotelus stenocephalus Mans., ‘Prosopiscus chetruroides Mans., 
Annamitella asiatica Mans. (gen. & sp.). Of these only the genus 
Prosopiscus Salter, is represented by a distinct species in the Ordovician 
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of the Himalayas, A pelecypod (Cypricardinia prisca Mans.) and 
three species of Orthis (O. cf. retrostriata McCoy, O. cf. hirman- 
tensis McCoy, and O. testudinaria Dalm.), and a cystid doubtfully 
referred to Heliocrinus?, complete the fauna. The brachiopods and 
trilobites suggest Upper Ordovician, which, like that of the Himalaya 
region, is localized. a? 

Tue Ts’INGLING GrosyNcLiInE. A series of folded Paleozoic 
and older rocks is seen to extend with a general east west direction 
across southern Kansu, parts of northern Szechuan, and southern 
Shensi, and to extend into north-western Honan and western Hupeh 


provinces to the north of the Yangtze River. Although they lie to 
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Fig. 59. Section of the overturned anticline of the Tshau-pi-shan, south of 
Ninkiang in southern Shensi, Tsingling range; (after von Richtho- 
fen); 1, Upper Ordovician limestone shale and conglomerate; k, m, 
late Ordovician or early Silurian shales; 7, 2, Silurian (Niagaran) 
shales and limestones; x, lydianite conglomerate and lydianite. 


the south of the main range of the Tsinglingshan, which rises to 
elevations of from 6,000 to 10,000 feet, they must be regarded as a 
part of the rocks of that range, folded and disturbed when they were 
folded, and in part at least of the same ceological age. Only along 
the northern slopes of the Tsinglingshan are the older-Paleeozoic 
rocks of the region shown today, while the rocks of the main range 
are metamorphosed Paleeozoics and early Mesozoics, altered and hard- 
ened by granites and basic igneous rocks, which were intruded into 
-them, most probably during the period of folding in Mesozoic time. 


There was however an earlier period of disturbance, the greater 
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portion of the Paleozoic rocks having been folded once before during 
the closing stages of the Paleozoic era. 

We find the older Paleozoic strata exposed in the centers of 
the anticlinal folds in these southern foot-hills of the Tsinglingshan. 
These folds are overturned towards the south, so that the order of 
succession of the strata on the south side is reversed, the younger 
strata lying below the older. The section on page 89 (Fig. 59) after 
von Richthofen, shows such a folded series forming the Tshau-pi-shan 
ridge south of Ningkiang in south-west Shensi, In the center of this 
anticline, opened to view by erosion, we find the Ordovician strata, but 
only the higher members of these are visible, This ridge extends west. : 


south-west into the northern projection of Szechuan, and along its - 


extent, von Richthofen collected a series of fossils which were described — 


by Kayser (23). From the lower members of the series he obtained F 
Orthis kiautshangpensis Kayser, and Trinucleus richthofent Kayser a 
(ig. 60) and from higher beds Orthis calligramma Dalm. (Fig. 67) , DS 
Plectambonites sericeus Sow. and other brachiopods, including a Spiri- 
fer which appears to be close to the Silurian 9. radiatus. This leads 
to the conclusion that the beds exposed here, represent the uppermost 
Ordovician. ’ 

Further east, in the border region of 
the provinces of Shensi, Szechuan, and 
Hupeh (Long. 109°30’—110° E., Lat. | 
31°30’—32° N.) a good exposure of Fig. 60. 7 


vinucleus richthofeni K. 
the Ordovician beds has been found in cephalon, enlarged. 


the Ki-sing-ling Pass across the Kiu-Sung-shan, along the Ta-ning-ho. 
This has been described in some detail by Willis and Blackwelder. 
The same rock series is also exposed in the Wushan gorge of the 
Yangtze (Long. 110° E.) and in the gorges above Ichang. (abt, Long. 
111° E.) In the latter region the base of the series is seen resting upon 
the older rock, and begins with the Nantou tillite already described, 
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(p. 19). 
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The succession of formations as determined by Willis 


and Blackwelder, is shown in the following columnar section (Fig. 


1000 m.+ 


61) and the attitude of the strata in the 
sections Figs. 62 and 63: 

The Kisingling Limestone. (Fig. 61e). 
This name was applied by Willis and. 
Blackwelder to the Cambro-Ordovician lime- 
stones which succeed the Nantou tillite and 
overlying shales, in the Yangtze gorges 
above Ichang, and which are also exposed 
on the Taning-ho in Kisingling pass, 
whence the name is derived. The lower 
strata are thin-bedded limestone in layers 
from 10 centimeters to a meter in thickness, 
and range in color from dark bluish gray 
to liver brown. The upper three-fourths 
are almost devoid of flints.. In the lower 
part of the limestone, Middle Cambrian 
fossils have been found, but whether the 

Fig. 61. Cambrian portion 


Columnar section in the Yang- : ; 
tze Canyon above Ichang, of the limestone is 


(compare Fig. 5).a, Huangling distinct and se- 
gneiss; b, conglomerate and 

arkoses; ¢c, Nantou tillite (b.c. parated from the 
Sinian); d, Cambrian? shale; Ordovician by are- 
e, Kisingling limestone (Cam- t x 
bro-Ordovician) 1,000 meters; Cognizable plane, 
f, Nei-chia-shan? shales; g, oy by a hiatus, is 
Siikiapa formation (f.g. Upper 

Ordovician, 150 meters) Not known. Sect- 
h, Sint’an shale (post-Ordovi- 
cian). Modified after Willis 
and Blackwelder). have been found 


ions of Orthoceras 


in the limestone but no distinctive fossils, to indicate whether any 


part is Lower Ordovician or not. Judging from the great thickness 
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of the series, one would be inclined to regard a part of the limestone 
as of Lower Ordovician age. 

At certain levels, these limestones abound in the large and 
characteristic cephalopod Orthoceras chinensis Foord (Vig. 64) which 
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Fig. 62, Section along the Taning-ho, from Chén-P’ing-Hsien in southern 
Shensi to Tung-Kuan-Kou in northern Szechuan. (After Willis 
and Blackwelder) a, Kisingling limestone (Ordovician); 0, Sint?an 
shale (post Ordovician) ; c, Wushan limestone (Carboniferous.) 


may reach a length of several feet. Longitudinal sections of this 
fossil have a striking appearance, and the rock in which these shells 
occur, is cut into slabs, and the surfaces on which the shell section 
is exposed is polished. Such slabs are sold in China under the name 
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Fig. 63. Section along the Taning-ho from Sii- Kia-Pa to Miau-Ir- “Tan in 
northern Szechuan. (After Willis and Blackwelder) a, Kisingling 
limestone (Ordovician); 6, Sint’an shale (post-Ordovician) ; ¢, 
Wushan limestone== Garbonitarone, 


“Pagoda stone’’ and used for ornamental purposes. The age of the 
strata with O. chinensis was formerly held to be Devonian, but is now 
known to be Middle Ordovician. In Hsing-shan-hsien (Pan-tse-ya, 
Hu-hsi) in western Hupeh, a specimen of Actinoceras has also been 
found in this limestone, showing that in this region the northern and 
southern provinces had become confluent. In some sections, this 
limestone is often largely composed of a lime-secreting alga Girvanella 
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sinensis Yabe, which has much the appearance of huge, more or less 
compressed oval or ellipsoidal odlite grains, ranging in diameter from 
4io7 mm. or more. In some cases this organism seems to have been . 

Pi 1h he oan the chief limestone former of this period. 
The same species is again found in the 
Lunshan limestone. 

The Neichiashan formation. The Ki- 
singling limestone is succeeded by a series 
of shales with thin-bedded limestone beds, 
which are often richly fossiliferous. They 
are typically exposed in Nei-chia-shan and 
Pei-chia-shan, two hills near Hsia-T’an, not 


S&S 


GS 1049. VLD 
Fig. 65. 
Fig. 64. Section of Nei-chia-sban in Hupeh; 
_Orthoceras chinensis (Ioord) a, Wisingling limestone; b, Neichia- 
longitudinal section. shan formation. 


far from Ichang in Hupeh, (section Fig. 65; see also Fig. 61, beds 
f-e.).* These beds are exposed at a number of other localities in 
Hupeh, and from them Frech, and Yabe and Hayasaka described a 
number of fossils. They are shown in the section along the Taning-ho 
near Sti-kia-pa (see section Vig. 63), where their fossils were collected 


*The survey has obtained a large collection of fossils from these localities 
through the good offices of H. B. M. Consul J. L. Smith, formerly of Ichang. These will 
be described and illustrated in the Palxontologia Sinica, Series B. Vol, 1. fascicle 3. 
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by Blackwelder and described by Weller (36). They were again 
obtained in Lean-shan and elsewhere in the southern Tsingling-shan 


Fig. 66. Triplecia poloi (Martelli), Hupeh. 
in Shensi, and described by Martelli (28) and Pellizzari (29). 
Throughout this region there appears to be close agreement in the 
faunas of these beds, the leading species in Shensi 
being indentical with those most common in Hu- 


'peh. The overlying Sintan shale is, in part at least, 
of Silurian age. 


Pig. 67. Most abundant among the fossils of this forma- 
Orthis calligramma. tion are the brachiopods, with Triplecia poloi 
reggae ees (Martelli) (Fig. 66) as the leading typo. Orthis 
calligramma (Fig. 67) is also common, and 
some other species of this group also occur. 


The genus Clitambonites is well represented 


in all the faunas, there being apparently two 


; Fig. 68. Clitambonites giraldii. 
or three species (Fig. 68). Gastropods are (Martelli), Hupeh. 


common, but there are 


only a few types. The 
most abundantly repre- 


sented species is Hecy- 
liopterts sinenst , 

Fig. 69. Eccyliopteris sinensis Erech, P 2 ees 
(Fig. 69), which is 
Cephalopods are common in this 
fauna. Besides Orthoceras chinensis Foord (Fig. 64) and other 


widely distributed in central China. 
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species of this genus, there are several species of the annulated 
Cycloceras (Fig. 70), while Endoceras (Fig. 71) and Vaginoceras 
are also well represented, but the species have not yet been dif- 
ferentiated. Curved forms (Cyrtoceras (Meloceras) 
astaticum ete.) also occur, as well as coiled forms, the 
most conspicuous among which is Discoceras ewrastaticum 
Frech (igs. 72a, b). Finally, trilobites form an im- 
portant part of the fauna. The genus Asaphus is 
represented by half a dozen or more species (Fig. 73), 
and the related Isotelus by several more (Fig. 74). 


de I leenus too, 1s represented by several species (Fig. 75). 
Fig. 70. Other genera are Calymmene, Plerygometopus? Ampyz 
Cycloceras SP- and Megalaspis. 
The fossils of this fauna are among the best preserved in 
China, equalled only by those of the Devonian rocks. The brachiopods 
of these and the Devonian shales are commonly sold in the Chinese 
drug stores under the name of Sce-Yih or Stone 
Swallows (413#é) , and various medicinal qualities 
are attributed to them. 

These beds are the essential equivalents of the 
Actinoceras limestone of north China, though 
their fauna is so markedly distinct. Although 
containing many new species, the fauna is essen- 
tially a European type of fauna. The age of. 
these beds is approximately that of the Orthoceras Fig. 71. 


limestone of Sweden, and of the Vaginatenkalk of /ndoceras sp. with part 
of “siphunele” exposed. 


the Baltic provinces of Russia, and essentially 
that of the Black River formation of North America. Some of the 
beds of south-western Shensi may be of somewhat younger age 
representing the Upper Ordovician (Caradocian or Trentonian), and 
this is probably also the age of the higher Ordovician beds of -western 
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Yunnan, and those of Indo-China. 


The Lunshan Limestone. (Section Fig. 76.) In Lunshan 


and Tangshan, low _ hills 
near Nanking, in Kiangsu 
province, are found the 
eastern-most exposures of 
the Ordovician strata of 
central China. This Lun- 
SHAN LIMESTONE as it hag 
been called, rests apparently 
on granite, but that is really 
a late Paleozoic intrusive 
rock. Iossils are rare in this 
limestone, consisting chiefly 
of brachiopods, among which 
the genus Clitambonites 
(formerly called Orthisina) 
predominates. The common 


Fig. 72a. Discoceras eurasiaticum Frech. species has been referred to 


Fig. 72b. 
Discoceras eura- 
siaticum Frech 
(section). 


C. squamata (vy. Pahlen). 
Other brachiopods ( Orthis cf. 
calligramma Dalm. Fig. 67) ; 
gastropods: (Ecciliopteris 
sinensis Frech, Fig. 69, etc.); 
and cephalopods: (Mndo- 
ceras duplex Wahl. etc.), as 
well as trilobites of the group 


of Asaphus expansus have 


‘Fig. 73: 
also been reported from this a,b. Asaphus blackwelderi Weller. 


X24 ¢, A. ef. expansus X2.2. 


rock by Frech. 
There are also some beds of limestone, which are 
entirely composed of the calcareous alga Girvanella 
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sinensis Yabe. This species was originally obtained from limestone 


of similar age in Hupeh province. 


3 Fig. 74. 
Isotelus usurii Yabe. Nei-chia- Big. 7. 
shan, Hupeh. (Partly res- Mlznus sinensis Yabe, two 
views of enrolled specimen. 
tored). Nei-chia-shan, Hupeh. 


The Lunshan limestone is essentially the equivalent of the 
upper part of the Kisingling limestone, and perhaps in part of the 


Neichiashan formation. Its thickness is unknown, but considerable, 
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Fig, 76. Section of Lun-Shan, near Nanking. a, Intrusive granite; b, Lunshan 
limestone (early Upper Ordovician); c, Silurian graptolite shales; d, 
Wutungshan quartzite (Lower Carboniferous?). 


and so far as known it is a unit. It is disconformably succeeded by 
Silurian (Niagaran) graptolite shales, 
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CHAPTER V. 
THE SILURIAN SYSTEM. 


GENERAL CHARACTERS AND SUBDIVISIONS, 


When, at the close of the Ordovician period, the seas again 
withdrew from the continents which they had flooded with wide but 
shallow water-ways in late Ordovician time, they did so in obedience 
to a combination of forces, all of which tended to lead events more or 
less simultaneously in the same direction. foremost among these was 
the steady rising of the primary land-masses, especially Appalachia, 
Atlantica and Cathaysia, those positive elements of the earth’s crust 
which, throughout Paleozoic history, controlled the progress of develop- 
ment. In the geosyncline which bordered Appalachia on the west, 
the progressive rising of the old land culminated in a deformative 
movement, which folded the older strata of the geosyncline, producing 
the ancient Taconic range of mountains of new England. A similar 
disturbance is shown to have occurred in the Baltic geosyncline, by 
the unconformable superposition of the Silurtan upon the older 
Ordovician beds in some parts of England. There is at present no 
evidence to show that similar deformative movements affected the 
. Chinese region, for, wherever known, the Silurian strata of China rest 
without unconformity, though with a disconformity and hiatus, upon 
the late Middle or early Upper Ordovician beds. 

Before the folding of the American Ordovician strata began, 
the rising old-land.of Appalachia effected the rejuvenation of the 
streams. This resulted in the carrying of extensive masses of clastic 
material into the waters of the epicontinental seas, the borders of 
which were progressively pushed back, and the seas themselves 
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replaced to a considerable extent by broad stretches of alluvial plains, 
In this manner was formed the great series of continental beds, often 
red, which closed the Ordovician sedimentation in eastern North 
America, and which has some analogues in the corresponding beds of 
other countries. But in addition to the rising of the lands and the 
spreading of continental sands, there was probably a general deepen- 
ing of the ocean basins, and this was perhaps the main cause which 
effected the withdrawal of the waters from the geosynclines and 
epeiric seas. For this withdrawal was, according to all appearances, 
a simultaneous one,—was one of the major eustatic movements of the 
sea, though a negative one, and such a movement could hardly be 
produced by any other cause. 

We find then, at the opening of Silurian time, that the conti- 
nents of the earth had again assumed their extended outlines, which, 
at that time, were much greater than they are today, for Appalachia, 
Atlantica and Cathaysia occupied portions of the present oceanic areas. 

“The southern continents ware probably also more extended, though 
of this we know very little. The three main oceans of the Paleozoic, 
the Boreal, the Atlantic, and the Pacific (with which was apparently 
conjoined the Indian), had again become separated, much as they 
were in early Ordovician time. There is every reason for believing 
that the Boreal was the ocean of abundant life, and that this life was 
tropical in character, because the waters then were warm. For this 
was the center of coral life, and from it proceeded the various 
migrations which peopled the epeiric seas with reef-building corals, 
when such epeiric seas had again come into existence. Moreover, we 
are forced to conclude that the Boreal realm was the center of origin, 
as well as distribution, of the great host of coral polyps which, in 
Silurian as well as in Devonian time, became the chief limestone 
formers of the earth; for in this direction all the known evidence 
points unmistakably. Coral-building polyps, except the Archxocya- 
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thine, were not abundant in early Ordovician time, though in the 
latter part of the period certain forms such as Tetradiwm became of 
importance. In the place of the corals, flourished the coralline 
Bryozoa, which, with the lime-secreting alge, were the chief lime- 
stone builders. But towards the close of Ordovician time true coral 
polyps had become a marked element of the fauna, for we find that 
in some regions the invading waters, in late Upper Ordovician (Rich- 
mond) time, were already peopled to some extent with the coral 
elements which became so prominent in Silurian time. 

The Silurian corals included all of the major groups of 
Paleozoic corals known. The tetraseptate corals were represented by 
both simple and compound forms. The simple forms comprised the 
Streptelasmoid types, which had already become a marked feature of 
the Ordovician fauna, a number of cyathophylloids, and primitive 
zaphrentoids and cystiphylloids, and the rather specialized Omphyma, 
Chonophyllum, Rhizophyllum and Goniophyllum. Among the com- 
pound forms, Acervularia, Stauria, Diphyphyllum and Lridophyllum 
predominated. The aseptate types were chiefly represented by Favo- 
sites, Alveolites, Syringopora, and especially by Halysites. Of other 
types, the genus Heltolites should be especially noted as abundantly 
represented and widely distributed. In addition to these true corals, 

there were many genera and species of the hydrocoralline stromato- 
f poroids. 

Other distinctive elements of the Boreal fauna are found 
among the cephalopods, especially the Orthoceran types, while Actino- 
ceras still continued with almost unabated vigor. Peculiar cephalopods 
with contracted apertures (Gomphoceran types) algo became very 
characteristic, though these may have had an Atlantic origin. Finally, 
it is highly probable, that a large part of the crinoid element found in 
the Silurian fauna originated in the Boreal sea. | 

Apparently the Atlantic basin was still the’ home of grapto- 
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lites, for we find their remains primarily associated with those of other 
organisms known to have been more or less restricted to this basin. 
But the older types of graptolites had largely disappeared, and in their 
stead, stipes with a single row of tooth-like cups, the Monograptide, 
had become the leading types. That they still belonged to the floating 
or planktonic biota, is suggested by the mode of their occurrence, as 
well as by their wide distribution. Hence, as in Ordovician time, the 
graptolites still form excellent index fossils for the correlation of 
formations at widely distant localities. 

The brachiopod element of the Atlantic too, was a distinctive 
one, though in how far it was endemic there, is not an easy matter to 
determine. Some, at least, of the types which appear to be characteristic 
of that basin, may have originated in the Boreal realm, though they 
became much modified in these waters. One of the forms of this 
fauna was the smooth Pentamerus oblongus, while among the plicated 
shells was the small Calospira hemispherica and the large Strick- 
landinia. Plectambonites and Chonetes algo seem to have been mem- 
bers of this fauna. y 

Probably the purest development of this fauna is seen in 
England, though even here there is an admixture of boreal types which 
arrived by way of Scandinavia. On the American side of the Atlantic, 
the fauna of this province is seen in ils greatest purity in the rocks of 
the Island of Anticosti in the St. Lawrence Gulf. It entered the 
interior fof North America as the Clinton fauna. The Bohemian 
development must probably be regarded as a localized phase of the 
Atlantic Silurian, developed under special conditions of partial 
isolation. 

The northern fauna is best known from the interior North 
American region, where in Michigan, Wisconsin, Ohio and Kentucky, 
it has its elements least intermingled with those of other provinces, 
On the European side, the Gotland development must probably be 
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considered as the one least modified by Atlantic immigrants. It was 
however a commingled Atlantic and Boreal fauna which migrated 
across Europe and Asia into the Chinese basin. With it there may 
have been a certain commingling of Pacific types from the Indian 
embayment. We know the general characters of the fauna of the 
Pacific province from deposits formed in embayments of that ocean in 
southern North America, before there was any opportunity for the 
commingling with faunas of other provinces. Such an embaymen 
occurred at the beginning of Silurian time, and again during the 
early part of the Upper Silurian (Monroan). During other epochs of 
the Silurian these embayments, though continuing, became confluent 
with the waters which extended from the Boreal province, as well a 
those from the Atlantic province, so that a certain commingling, or at 
any rate alternation of faunas occurred in the region of such con- 
fluence. Nevertheless it is possible even then, to evaluate the faunas 
and to separate out the essentially Pacific types. 

These known Pacific types are remarkable for their general 
depauperate aspect. As a rule the individuals are small, and the 
number of species appears to be limited. Among the brachiopods, 
small plicated or nearly smooth Spirifers, small Rhynchonelloids, and 
Retzioid types, smooth Whitfieldellas and small Strophomenoid types 
predominate. The pelecypods too, are few and small, though nu- 
merous in individuals; cephalopods are rare or absent, and corals are 
practically unknown. Tentaculites and ostracods seem to have cons- 
tituted the leading elements of the plankton, and are often found in 
enormous numbers. Altogether the fauna exhibits a striking contrast 
to that of the Boreal and Atlantic provinces, and suggests unfavorable 
conditions of existence. The suggestion presents itself that the region 
from which the known part of this fauna was derived was one of cold 
waters. If this were the case, it would be of great significance, when we 


consider that the north polar region of today was a warm water 
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region, with coral reefs in Silurian time. A plausible explanation of 
this inversion of climatic conditions seems to be the former different 
position of the earth’s mass with reference to its axis. If the present 
north polar region was tropical in Silurian time, a part of the present 
tropical region of the Pacific may have been one of the polar regions 
of the past, while the other was in the region of the Indian ocean. 
On such a supposition one could perhaps explain the depauperate 
character of the Silurian fauna of the eastern Pacific region as well ag 
that of the Indian Ocean. 

If we now contemplate the major events of the Silurian 
period as determined from the sediments and their faunas, we find 
that throughout Lower Silurian time, the movement of the seas was a 
transgressive one, punctuated, howeyer, at intervals, by periods of rest 
or even temporary withdrawal. In the beginning, clastic sediments 
were still forming along the borders of the main land masses, but ag 
the transgression of the seas continued, these clastic deposits gave way 
to organically formed rocks, and limestones became the dominant type 
of deposit, though of course, near the shores, muds and even gome 
sands continued to accumulate. With the attainment of the maximum 
in sea transgression, the Boreal fauna spread far and wide, its corals 
occurring in the majority of sediments of this period. It was then, 
that the Silurian coral fauna entered into the Chinese basin by way of 
the Himalayan geosyncline. Towards the end of Lower Silurian time 
the seas again withdrew from the lands, and as the ovidence for such 
withdrawal is now well nigh universal, we may consider this one of 
the great negative eustatic movements which affected alike all the 
lands. It is a remarkable fact that up to the present time, no marine 
Middle Silurian strata have been found anywhere. Those that have 
heretofore been considered to represent Mid-Silurian time, have proved 
on closer examination to belong either to the Lower or to the Upper 
Silurian. In all sections where the Silurian strata haye been closely 
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studied, the Lower and Upper Silurian strata are separated by a hiatus 
and disconformity. In a few cases only, is the interval represented, in 
part at least, by continental sediments; for the most part, when both 
Lower and Upper Silurian are present, they are separated by an 


erosion interval, 


That this erosion interval was a long one, fully long enough 
to represent the whole of Mid-Silurian time, is shown by the fact that, 
where it is replaced by continental sediments in eastern North 
America, these sediments, which constitute the Salina formation, are 
accompanied by extensive salt deposits. Irom their characteristics, 
these salts must be regarded as desert salts, formed in enclosed basins 
not in connection with the sea, but essentially after the manner of 
the salt deposits formed in the interior deserts of Asia today. From 
their extent and thickness it is evident, that the time required for 
their formation was very great, for such accumulations proceed at a 
relatively slow rate.* 

On parts of the Island of Gotland, in the Baltic, the Lower 
and Upper Silurian (Lower and Upper Gotlandian), are likewise 
separated by a continental formation, the Burgsvick or Gansvick sand- 
stone. But this is of only moderate areal extent and of slight thick- 
ness, and does not represent continuous deposition during Mid- 
_ Silurian time. Elsewhere on the island the Lower and Upper Got- 
landian series are separated by an erosion plane. (Grabau 4) 


Upper Silurian time was again marked by a re-adyance of 
the seas and the renewal of marine deposition. The fauna of the 
Boreal province had become considerably modified during Middle 
Silurian time, so that on its return to the epeiric basins of the 
continents, it presented mostly new species if not new genera. This 


modification was most pronounced in the coral and stromatopora 


*Jor a full discussion of this problem see Grabau 3, 
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elements of the fauna, though some of the older types, such as 
Halysites, still held on, probably becauge it had become an inmate of 
the larger Atlantic basin, where modification was progressing less 
rapidly. In the Pacific basin too, the fauna, on the whole, remained 
of the same general type, though species and even some of the genera 
were undergoing modification. Nevertheless, the Pacific fauna retained 
its diminutive and depauperate character, and where it occurs un- 
contaminated by other faunas, it is readily recognized. 

The newer classification of the Silurian formations is based 
upon the recognition of this three-fold character of the system: a 
lower marine, a middle non-marine and an upper marine division. The 
smaller divisions recognized in North America are as follows, these 
being primarily based upon changes in lithic character and dominance 
of one or the other of the three faunas which had access to the interior 
North American waters. 


North American Subdivisions of the Silurian: 
Upper SILuRIAN or Monroan (chiefly marine) . 


Upper Monroan or Detroit River Series. 
Sylvania sandstone (non-marine) . 


Lower Monroan or Bass Island Series. 
MIppLE SILURIAN or SALINAN (non marine). 

Salina red-beds, and salt deposits with secondary gypsum. 
Lower Sinurtan or NrIaGaran (chiefly marine) . 


Guelph dolomite and Shawangunk conglomerate (fluyiatile). 
Lockport limestones. 

Rochester shales. 

Clinton limestones. 

Medina series (partly fluviatile) . 


The Medina series is restricted to the marginal portion of 


The Silurian System 111 


Appalachia, and is chiefly a sandstone or fine conglomerate formed as 
a series of alluvial fans along the borders of the Appalachian old-land 
(Tuscarora, Clinch, etc.). Remains of Eurypterids are sometimes 
found in these beds, for these animals formed the principal life of the 
rivers of the period. Away from Appalachia, these beds are represented 
by normal marine sediments, which in some parts of the country 
carry the Pacific fauna, in others a modified Atlantic, and in still 
other sections the typical Boreal fauna. The Clinton is mainly 
differentiated on the basis of its Atlantic fauna (Pentamerus oblongus, 
Monograptus, etc.), which for a period extended far into the interior. 
Beyond the reach of this invasion the Boreal fauna occupies these beds 
also. The Rochester shales are a lithic unit with, however, a com- 
mingling to some extent of the faunas of the several provinces, but 
the Lockport in its purity heralds the dominance of the Boreal coral 
fauna. Jinally, the Guelph marks the beginning of the withdrawal 
of the seas, and the Shawangunk conglomerate, its partial equivalent, 
marks the renewed elevation of Appalachia, and the rejuvenation of 
its streams. These too, carried Eurypterids and other fluviatile types, 
some of which became embedded in the finer sediments which formed 
the closing stages of the Guelph deposition (Pittsford shales) . 

The Salina is characterized by extensive alluvial fans in the 
Appalachian region; these deposits are now largely characterized by a 
red color, indicating arid conditions during their formation. Further 
inland, the strata become calcareous, being the redeposited lime-sands 
and muds which were formed in the first place by disintegration of the 
Niagaran and older limestones during the mid-Silurian interval of 
exposure. In certain sections these deposits enclose the rock-salt, and 
the limestones of this series are frequently altered to gypsum. No 
fossils are found in this series. 

The Lower Monroe beds are at present known only from the 
southern half of North America but they cover an area of great extent. 
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They are wholly characterized by the depauperate fauna of the Pacific 
province, in an embayment of which they were deposited. As such they 
furnish us with the best criteria for the evaluation of this fauna, and 
this becomes significant from the fact that the known Upper Silurian 
fauna of China is essentially of the Pacific type. In American de- 
posits of this age, small brachiopods and pelecypods are most common, 
and in some sections ostracods seem to be the leading faunal element. 
At the end of this period a withdrawal of the southern sea, and a local 
spreading of eolian sands, characterized this region (Sylvania sand- 
stone), while from the Appalachian lands river deposits extended 
with tke remains of Eurypterids and fishes. This was followed by a 
pronouzced advance of the sea from the north in upper Monroan time 
bringing back the coral elements of the Silurian fauna, but in a much 
modified form. Indeed, many of these have characters known other- 
wise only among Devonian corals. The same is true for some of the 

brachiopods. As we shall see, an important element of the succeed- 
3 ing Devonian fauna was derived from this late Silurian fauna, the 
modification going on within the Boreal province, when that had 
again become isolated. 

The southern or Pacific sea also advanced again in upper 
Monroan time, and the two faunas met, and to some extent became 
commingled. This commingling was not, however, very general, for 
we find in the upper Monroan of eastern North America (eastern New 
York region) an alternation of faunas. Thus the coral fauna of the 
Boreal realm dominated at one period (Cobleskill limestone stage) 
and the Pacific element at another (Manlius limestone stage). In addi- 
_tion to this, the Atlantic fauna had access to the Appalachian trough, 
greatly complicating the faunal aspect. As will be more fully shown 
later, the known Upper Silurian beds of China are wholly lacking in 
the northern element which was so prominent in Lower Silurian time. 
This has an important bearing on the paleogeography of China in late 
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Silurian time, 

The Silurian succession in’ England, the birth-place of the 
“Silurian System’’, is usually taken as the standard for western Europe, 
and must serve to a certain extent as the standard for China as well. 
As however, the fauna of the British rocks, though primarily of the 
Atlantic type, is modified to a certain degree by the influx of: the 
Boreal element by way of the Baltic, it partakes to a certain extent 
of a cosmopolitan character. Hence we can use the terms of larger 
divisions, derived from the more complete succession in North America, 
to include the special divisions based on the British succession. The 
classification then would be as follows: 


Classification of Silurian Rocks of West Europe. 
Upper SinurtaN oR Monroan (Upper Gotlandian), 


Downtonian series. 
Downton sandstones, Ledbury shales ete. (continental). 
Upper Ludlow shales etc. 


Hiatus and disconformity. 
MippiE SILURIAN oR SALINAN (wanting). 
Lower Simurtan or Nracaran (Lower Gotlandian). 


Salopian series. 

Lower Ludlow and Aymestry. 

Wenlock group:—shales and limestones. 
Valentian series. 

Llandovery shales, Mayhill sandstone, etc. 


The Lower Silurian or Niagaran is most extensively developed 
in western Europe, though in the British region shales sandstones 
and even conglomerates predominate, forming a thick series of clastic 
rocks, in which organic remains are found often only at certain levels. 
In some sections only graptolites are found, these occurring after the 
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manner of those found in the Ordovician strata, and like them in- 
dicating sea-margin mud-flats and deltas, upon which these floating 
organisms were stranded during periods of high water. As was the 
case with the Ordovician graptolites, those of the Silurian form a 
succession of specific types, and because of their wide distribution they 
too form excellent index fossils even for China. The succession of 
graptolite zones determined for the clastic deposits of western Europe 
is as follows in descending order: ; 
Graptolite Zones of the Silurian. 
(Chiefly after Elles and Wood). 
Upper Sinurtan (no graptolite zones) . 
Lower Sinurtan (Niagaran). 


LowEr LupLow. 


22 Zone of Monograptus leintwardinensis. 

21 Zone of Monograptus tumescens (M. chimera, M. 
bohemicus). 

20 Zone of M. scanicus (M. dubius, M. remeri, M. varians, 
M. chimera, M. bohemicus) . 

19 Zone of M. nilsoni (M. dubius, M. colonus, M. remeri, 
M. varians, M. chimexra, M. wncinatus) . 


18 Zone of Monogratus vulgaris. 
WENLOCK. 


17 Zone of Cyrtograptus lundgreni (Monogr. vomerinus, M. 


dubius, M. flemingi, M. irfonensis and Cyrtograptus carru- 
therst). 


16 Zone of Cyrtograptus rigidus. (Monogr. vomerinus, M. 
dubius, M, retroflerus, M. flemingit). 

15 Zone of Cyrtograptus linnarssonit (Monogr. Sebigarthettty M. 
‘dubius, M. flexilis). 


14 Zone of Cyrtograptus symmetricus (M. vomerinus, M, dubius. 
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13 Zone of Monograptus riccartonensis (M. vomerinus, M. 
capillaceus, Cyrtogr. flaccidus) . 
12 Zone of Cyrtograptus murchisoni (M. priodon, M. vomerinus, 


'M. hisingeri, Retiolites geinitzianus) . 
TARANNON SHALES, 


9 Zone of Cyrtograptus graye (with Monogr. turriculus, M. 
hisingert, M. beckt in southern region). 
Zone of Monograptus exiguus (with M. densus and Diplogr. 
-palmeus elsewhere) . 


Zone of Rastrites maximus. 


LowER LLANDOVERY. 
Zone of Monograptus gregarius. 
Zone of Diplograptus vesiculosus. 
1 Zone Diplograptus acuminatus. 

The lower zones are better represented in Scandinavia where 
we have below the zone of Cyrtograptus murchisoni (12) the follow- 
ing, according to A. Hennig: 

11 Zone of Cyrtograptus lapwortht. 
10 Zone of Monograptus spiralis. 
9 Zone of Cyrtograptus graye (with M. turriculus, M. hisin- 
gert, M. beck in Bohemian basin). 
Zone of Monograptus runcinatus. 
Zone of Monograptus sedgwickt. 
Zone of Diplograptus cometa. 


oO & ~I-@ 


Zone of Monograptus convolutus (M. lobiferus, Rastrites 
perigrinus, Clamacogr. scalaris, in Bohemian basin). 

4 Zone of Diplograptus foliwm. 

3 Zone of Monograptus triangulatus. 

2 Zone of Monograptus cyphus. 

1 Zone of Diplograptus acuminatus. 


i 
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SILURIAN IN ASIA. 


We may now briefly review the known occurrences of 


Silurian strata elsewhere in Asia, before turning specifically to those 
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Fig. 77, Paleeogeographic map of Asia, showing the probable distribution 
of land and water (black), in Lower Silurian (Niagaran) time. 
Graptolite shales were deposited at the mouths of the rivers 


_ indicated. 
SiBERIA, ETC. Silurian rocks are widespread in the Irkutsk 
basin of Siberia and they are wholly of the Boreal type. Indeed it is 


to this region that we must look for a full knowledge of the character 


of this fauna. It is known that corals are characteristic of these 
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strata, for they have been obtained by von Toll even in the New 
Siberian islands, and by others in many parts of the Irkutsk basin. 
The strata in the latter region are still largely horizontal, resting upon 
the Ordovician beds, and are covered by extensive basalt flows of younger 
age. From New Siberia von Toll has obtained the trilobites Bronteus 
anderssoni and Phacops quadrilineata and the corals Halysites catenu- 
larius and Favosites gothlandicus besides Leperditia and Foraminifera. 
Among the fossils found in the other region of the Irkutsk basin, those 
from tho banks of the Podkamennaia Tunguska include the following 
species of corals identified by Lindstrém (7): Fuavosites forbest 
E, & H.; F. gotlandicus L. (Fig. 86); PF. hisingeri EB. & H.; F. asper 
Goldf.; F. lonsdalit d’Orb.; Halysites catenularius L.; Calopecia 
cribriformis Nichols.; Columnaria alveolata Goldf.; Cyathophyllum 
articulatum His.; Zaphrentis conulus Lindstr. The brachiopods 
Atrypa duboisi Vern. and the trilolites Phacops (Monorakus) lopatini 
Schm. and P. sibiricus Schm. have also been cited from these beds, 
while from other localities in tho basin the brachiopods Pentamerus 
oblongus, Leptocelia duboisi and Strophomena euglypha, and the 
trilobite Phacops quadrilineatus have been obtained. Some Silurian 
(Ludlow) fossils have been reported from Turkestan by Romanowski 
and from this region British Upper Ordovician (Bala) species are also 
recorded. Wenlock beds have recently been discovered in central 
Asia and near Lake Balkash in the Steppes of Asiatic Russia, by 
Edelstein (1) and Stepanov (27). 

Himarayas. In Spiti and other regions of the Himalaya 
mountains, strata of Silurian age are said to rest conformably upon 
Ordovician formations. The succession in Spiti is as follows, accord- 
ing to Hayden (IV, 16) and Reed (IV, 31). In descending order: 

9 White Muth quartzite passing gradually into 

8 Reddish-brown quartzite, underlain by gray siliceous 
limestone, weathering red and pink (ab’t. 80 ft.). 
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7 Gray limestone, weathering red and brown, with red and 
brown marls (ab’t. 70 ft.). 

6 Gray coral limestone (ab’t. 50 ft.). 

5 Ordovician shaly limestone. 

The corals of horizon 6 include the genera Favosites, Halysites 
Propora, Stylarea etc. but the species are all distinctive. The succeed- 
ing limestone (horizon 7) contains mainly brachiopods, among which 
may be noted: Orthis, (Dalmanella and Plectorthis), Leptena rhom- 
boidalis, Strophonella and Stropheodonta. Finally in horizon 8, the 
characteristic Pentamerus oblongus and other typical European Lower 
Silurian species are found, including a few corals. Altogether the 
fauna, so far known, is a very early Silurian one, especially in the 
lower horizons, with many local modifications. In the higher horizons 
the European affinities become more marked. Similar Lower Silurian 
(Llandovery) beds have been described from Kashmir (Reed 24). 

Burma. In the Northern Shan States of Burma, west of the 
Chinese border, Silurian strata are well developed and richly fossili- 
ferous. The fossils have been described by Reed (IV, 80, 32)* and 
the stratigraphy by La Touche (IV, 25). The revised succession is ag 
follows: 


ZEBINGYI STAGE 

Namusim Stace — 
Upper or Kénghsa Marls 
Lower or Namhsim Sandstones 


PANGHSA-PYE STAGE 
Upper of Graptolite Band 
Lower or Trilobite Band 
SUB-rorRMATION: Nyaungbaw limestone (Ordovician) 
The Panghsa-pye beds. ‘These are of Llandovery age and 


*This refers to titles 80 and 32'in Bibliography IV, page 98, 
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extremely rich in organic remains (La Touche IV-25, pp. 125-129). 
The Lower or Trilobite Band contains all the fossils described, except 
the graptolites. The fossils consist chiefly of brachiopods and 
crustacea, the trilobites among the latter giving the name to the bed. 
The genus Orthis is well represented among the brachiopods by forms 
closely related to, if not identical with, typical Llandovery species of 
Europe, including the widespread O. (Dalmanella) elegantula 
(Dalm.). Stropheodonta is represented by two species, both new, but 
related to Huropean forms and to those of the American Clinton type, 
which is the Atlantic fauna. Schuchertella is likewise represented by 
two species, one of them the widespread S. pecten (Linné), the other — 
(S. planissima) related to both west European, and American early 
Silurian species, the latter of the Atlantic fauna. The trilobites are 
Acidaspis shanensis Reed and Dalmanites hastingst Reed, both new 
species, but both allied to European forms. Finally, there are ostra- 
cods, referable to the genera Bollia, Klodenella?, and Primitiella?, all 
the species being new. 

The upper or graptolite beds carry only graptolites, three 
horizons being represented, the lower two indicating Lower Llando- 
very, the third suggesting Wenlock age. 

Horizon 1 is characterized by the abundance of Diplograptids, 
the species recorded being Orthograptus vesiculosus Nich.; Mesograptus 
modestus Lapw; Climacograptus medius Térng,.; C. rectangularis 
McCoy; Dimorphograptus extenuatus BH. & W.; Monograptus incom- 
modus Tornq.; M. sandersont Lapw.; M. cyphus var. Lapw. Horizon 
2 contains five species of Monograptus (M. gregarius Lapw.; M. 
revolutus Kurek; M. atavus Jones; M. raitzhainiensis Bigel.; M. 
triangulatus Hark.), together with Mesograptus modestus Lapw.; M. 
magnus J, & Lapw.; Climacograptus tornquistti B. & W.; OC. hughest 
Nich.; C. rectangularis McCoy; Dimorphograptus extenuatus B. & W.; 
and Retiolites approximatus var. geinitzt Tornq. 
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Horizon 8, the Kanlun beds, contains only Monograptus 
priodon Brown, and Cyrtograptus sp. both indicative of Wenlock age. 

The Namhsim Stage. The Namhsim sandstone is a quartzitic 
or feldspatic sandstone with some conglomerate, and contains a fauna 
of brachiopods and trilobites. The facies, though predominantly 
European, has a few local elements, but very few species are common 
to it and the overlying Konghsa marls. It is marked by the abund- 
ance of Phacops longicaudatus var. orientalis. Other trilobites found 
here are (1) Calymmene blumenbachi Brongn. var ; (2) Cheirurus of. 
bimucronatus (Murch.); (8) Encrinwrus konghsaensis Reed; (4) 
Illenus namhsimensis Reed; and species of (5) Proetus. Of 
brachiopods only (6) Lindstrwmia ef. subduplicata (McCoy); (7) 
Mimulus aunglokensis Reed and a species of Orthis aro found. Pelecy- 
pods and an Orthoceras also occur. - 

The Upper Namhsim or Kénghsa marls carry a fauna sugges- 
tive to some extent of the Lower Ludlow. The leading trilobite is 
Phacops shanensis Reed; species 1 to 3 of the preceding list also occur, 
Brachiopods are common, all of them being referable to European 
species. They comprise such characteristic species as Leptena rhom- 
botdalis Wilck.; Stropheodonta corrugatella (Dalm) var.; Schucher- 
tella pecten (Linn.); Dalmanella elegantula (Dalm.) ; Platystrophia 
biforata (Schl.) ; Pentamerus ef. oblongus Sow.; Gypidula cf. galeata 
(Dalm.); Conchidium ef. biloculare (Linn.); Atrypa reticularis 
Linn.; Glassia ef. compressa (Sow.)? ; Spirifer cf. radiatus Sow.; S. 
sulcatus His.; Homeospira baylii (Dav.); and Nucleospira pisuwm 
(Sow.)?. One new pelecypod Pterinea konghsaensis was described by 
Reed. 

The Namhsim series appears to extend into Tonking, accord- 
ing to the recent work of Deprat and Mansuy, where, however, other 
species also occur, including a number of new ones. (See below). 

The Zebingyi beds. These present an interesting and puzzling 
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problem. They are clearly younger than the Namhsim series and La 
Touche found that in the Zebingyi section they form a continuous 
band at the base of the Plateau limestone, and are more intimately 
connected with the latter than with the Namhsim. sandstone, which 
had either not been deposited in the area occupied by the Zebingyi 
beds, or had been entirely swept away from that area before the latter 
were laid down. The whole forms one stratigraphical group of no 
great thickness and Tentaculites ocenrs throughout. (T. D. La Touche 
in Reed IV-30. p. 154, footnote). The Tentaculites have been 
identified as 7. elegans Barr., a form characteristic of the Devonian 
beds of Bohemia. Associated with these, on the same surface are 
found graptolites of the genus Monograptus, among them being M. 
dubius Suess and M. riccartonensis Lapw., the former a Lower Ludlow, 
' the latter a Wenlock species. The trilobite of this formation Dal- 
manites swinhoet Reed is nearly related to a species found in Lower 
Devonian strata in Bohemia. On the whole this fauna suggests to 
some extent the late Lower or early Middle Devonian of Bohemia 
(Hereynian type), but the presence of the Monograpti indicates that 
the age of the beds is Silurian. There is no positive evidence of a 
European Upper Silurian or Lower Devonian invasion of this region 
and despite the Devovian affinities of some of the species, these beds 
must be regarded as of Silurian, probably Upper Silurian age; a 
classification which both La Touche and Reed favor, the latter 
regarding them as transitional to the Devonian. . 

There is another formation in this region, the Nyaungbaw 
limestone, consisting of red and chocolate-brown limestone passing 
into gray blue or purple limestone with Camarocrinus, Scyphocrinus, — 
and Orthoceras. This is placed by La Touche between the Ordovician 
and Silurian. Camarocrinus is represented as usual by what is com-’ 
monly regarded as the large floating bulb from which the crinoid. 
depended and which made possible the wide distribution of this or-— 
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ganism. The Asiatic species (CO. asiaticus Reed) is most nearly related 
to C. ulricht Schuchert from the late Silurian or early Devonian of the 
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Fig, 78, a-o.—Silurian sraptolites of Yunnan. (The figures are copies of European - 
specimens of the species found in Yunnan. Chiefly after Elles and 
Wood.) 
a.— Monograptus sedgwichi (Portlock) ; typical fragment with conspicuous apertural 
Spines, 
6.—Monograptus tenuis (Portlock) ;~ distal fragment; b’, distal thecw in ordinary 
profile view, (enlarged); b’’, another portion (enlarged), 
¢.—Monograptus leptotheca Lapw.; typical median fragment, internal cast in iron 
pyrites X1; ¢’, proximal thecse, part in relief, part as cast (enlarged) ; 
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ec”, more distal part of same specimen (enlarged). 


d.—Monograptus atavus Jones; proximal portion X1; d’, proximal portion in relief 


showing sinuous character of thecze (enlarged) ; d’’, more distal thecee, part 
in relief, part cast (enlarged). 


e.—Monograpius jaculum Lapw.; proximal portion X1; e’, distal thece in relief 
(enlarged). 


f.—Monograpius concinnus Lawp.; two specimens, one showing marked ventral 
curvature X1; £’, distal thecse (enlarged). 


g-—Monograptus gemmatus Barr.; two specimens crossing each other X1; ¢’, distal 
thecee, showing form of apertures (enlarged), 


h.—Monograptus incommodus Tornq.; small distal fragment partly in relief x1; 


h’, thecee preserved in relief (enlarged); h’’, distal theese, compressed 
(enlarged). 


i1.—Monograptus regularis Torng.; fragment near proximal end, 


impression X1; 
i’, distal thecze (enlarged). 


nase magnus Lapw.; type specimen, part in relief, part as impression 


X1; k’, distal thecz, right half relief, left half impression (enlarged). 


1.—Glyptograptus serratus BE. & W.; typical specimen x1; 


VY, proximal end, 
reverse aspect (enlarged). 


m.—Glyptograptus incertus KE. & W.; incomplete specimen X1; m’, distal thece, 
reverse aspect (enlarged) ; m’’, distal thecee, obverse aspect (enlarged). 


n.—Climacograptus rectangularis McOoy; average perfect specimen X1; n’, portion 
showing rectangular thece x4, 


0.—Climacograptus tornquisti KE. & W.; large specimen showing tubular virgella x1, 


United States. In America the genus is first known from the upper- 
most Silurian (Manlius), while in Bohemia it is found in the Lower 
Silurian (E1 8 and #2). Unless the position of this Camarocrinus 
bed is positively determined as at the base of the Silurian, the sugges- 


tion might be made that it represents the Upper Silurian (Upper 
Monroan) of this region. 


SILURIAN OF SOUTH CHINA. 


Wustern YUNNAN. The presence of Lower Silurian (Nia- 
garan) strata in western Yunnan is shown by the occurrence of 
shales with Monograptus in the Shih-tien region, a few miles south of 
Yung-Ch’ang-fu in association with the Ordovician strata above 


described (p. 84). The structure of the region is complicated and these 
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Silurian graptolite shales appear to be faulted down between beds 
carrying an Ordovician fauna. The thickness of the beds is over 70 
feet, and they are black fissile slates becoming more sandy and lighter 
colored at the top. Horizons crowded with graptolite remains are 
found throughout the series, though they become scarce towards the 
top. No other organisms have been recorded from these beds, which 
appear to be typical delta or marginal mudflat 
deposits formed along the western border of the 
sea by streams bringing muds from the Burma- 
Tibetan old-land. Two distinct horizons are 
indicated by the graptolites, 
The higher horizon yielded 
numerous species and belongs 
to the base of the zone of Mono- 


grapius sedgwicki. The rock 
consists of a tough fine-grained 


4 greenish gray or pinkish flagey 


Fig. 79. slate weathering yellow, and 
Monograptus lobiferus 
McCoy; a, fragment of 
siipe in full relief (en- seems to be Mono. lobiferus. 
larged). 6; compressed 
thee, reverse view, still 
further enlarged, (after identified from these beds: 


PSA Monograptus sedywicki Port. aaa al 

hig. 78a) ; M. lobiferus McCoy (Fig. 79). M. tenuis ranean 

Port. (Fig, 78b); WM, leptotheca Lapw. (Fig. 78c) ; 

M. atavus Jones (Fig. 78d) ; M. jaculm Lapw. (Fig. 

78e) ; M. concinnus Lapw. (Fig. 78f); M7. gemmatus Bere (Fig. 
78g); Glyptograptus serratus Elles and Wood (Fig. 78 1); G. incertus 
Elles and Wood (Fig. 78m); Climacograptus scalaris His, (Fig. 
80) ; Gladiograptus perlatus Nich. (Fig. 81); and Mesograptus magnus 
Lapw. (Fig. 78k). 


the most abundant graptolite 


The following species have been 
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The lower horizon consists of tough black earbonaceous and 
finely micaceous shales or slates, rather coarser in grain and less flagey 
than the higher zone. This bed contains abundant Climacograpti 


mostly preserved in scalariform view, and therefore indeterminable, 


but some seem to be Climaco. rectangularis; there is also 
a suggestion of Meso. modestus. Miss Elles considers 
that this bed probably belongs somewhere in the zone of 
Ortho. vesiculosus, but it may be higher, perhaps at the 
base of the Monograptus gregarius zone. The assemblage 


Fig. 81. 5 Ses. 5 
Reti se (Gla- 18 not perfectly convincing, but the abundance of Diplo- 


diograptus) per- graptids and the scarcity of Monograptus suggest this 
latus; portion of 


the stipe (x2), correlation. 
showing pecu- 


The species comprise the following: 
liar reticulation 


of outer surface, Monograptus incommodus Térnq. (Fig. 78h); JZ. 
a Nichol- yegularis Térng. (Fig. 78i); M. tenwis Portl.? (Fig. 
son), 


78b) ; Climacograptus rectangularis McCoy (Fig. 
(78n); C. térnquisti Elles and Wood (Fig. 780) and Mesograptus 
modestus Lapw.? (Fig. 82). 


These indicate the Lower 
Llandovery and Tarannon 
horizons of western Europe 
and the beds must be regarded 


aS approximately basal Silu- 
rian. 


Easrern YUNNAN. In , ‘ip et : 
Mesograptus modestus Lap.; a-c, lower ends of 
three specimens in different stages of preserva- 


P ri , tion; d, portion of stipe above base (enlarged), 
region) the Silurian is more (after Elles & Wood). 


Eastern Yunnan (Kiitsing 


fully represented, the follow- 


ing formations being at present recognized, according to V. K. - 
Ting. 
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SupPER-FORMATION Middle Devonian 


TTiatus and Disconformity 


Uprer SILURIAN Miaokaoshan Group 
MrIppLE SILURIAN ABSENT Hiatus and disconformity 
Lower Simurian Mientien Group 


Hiatus and Disconformity 
SUB-FORMATIONS Ordovician or older 


The Mientien Group. (Lower Silurian or Niagaran). This 
comprises shales, sandstones and limestones, typically shown in the 
Kiitsing region, especially in the neighborhood of Yihlungse. 

The sandstones contain Lingulella cuneatiformis Grabau, 
and Modiomorpha crypia Grabau, while in the caleareous beds are 
found Spirifer bowrgeoisi Mansuy and Leperditia sp. 

Middle Silurian appears to be wholly wanting in this region, 
a3 indeed throughout much, if not the whole of eastern Asia, the 
Upper Silurian (Monroan, Upper Gotlandian) resting directly but 
disconformably upon the Lower Silurian (Niagaran, Lower Gotland- 
ian, Wenlock). This, as we have seen, is the condition found in 
Europe and in America, though in eastern North America the conti- 
nental Salina formation intervenes between the marine Niagaran and 
Monroan. 

The Miaokaoshan Group. (Upper Silurian or Monroan). 
This consists largely of thin-bedded limestones intercalated in shales. 
It is typically exposed 
in Miaokaoshan near 
Kiitsing, also between 


Hsiangsui and Mien- 

Fig. 83, Spirifer tingi Grabau x2. Yuunan, tien, and again at 
Sehwaying in Changyi. (Sehwaying limestone). In the limestone 
of the Miaokaoshan group, in the typical region, the following species 
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have been found: Spirfier tingi Grabau (Fig. 83); Actinopteria 
mansuyi Grabau; Modiomorpha? sp.; Hormotoma hiitsingense Gra- 
bau; LZolopea yilungense Grabau; Orthoceras sp. 

In the Sehwaying beds, the following species have been 
recognized: Spirifer tingi Grabau (Fig. 83); Polewmita changyiense 
Grabau; HHormotoma sp.; Leperditia tingi Grabau. 

The higher beds of this series are characterized by Leperditia 
and fish remains. This same horizon appears also to underlie the 
Middle Devonian beds with Athyrisina plicata (Mansuy) in the 
Nanning region of southern Kwangsi, to judge by the occurrence 
there of Spirifer tingt. 

This horizon has many characters in common with the 
Monrvan of North America, and appears to represent an invasion, from 

the south, of a Pacific fauna. 
. From To-Kuan-ting (Huang-Kuo-tsao, and Hui-lung-chi) 
in northeastern Yunnan, specimens of cephalopods (Trochoceras and 
Orthoceras) haye been obtained, which are regarded as representing 
an early Silurian horizon (Yabe and Hayasaka, IV, 39). 

Further west in eastern Yunnan at Si-Yang-tang, beds with 
Spirifer bowrgeoisi and other species have been found, representing 
apparently the Niagaran horizon. Originally these were referred by 
Deprat to the Ordovician, but this error was corrected by Mansuy. 

These beds seem to mark a shore-facies of the Silurian sea, 
this being suggested by the crustaceans Ceratiocaris and Sinocaris 
found in these beds. The list of species obtained is as follows: 
Spirifer bourgeoisi Mansuy, Orbiculoidea sinensis Mansuy, Leda 
circumflera Mansuy, Gontophora contraria Mansuy, Sinocaris asiatica 
Mansuy, S. barbagii Mansuy, and, Ceratiocaris pierloti Mansuy. 

TonkinG.—Silurian strata are well developed in central and 
north-eastern Tonking. In some of the horizons, species suggestive of 
Ordovician affinities seem to linger and these are probably to be con- 
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sidered as indicating a very early Silurian age. In other sections the 
fauna is the typical European Silurian fauna, with however, always 
an admixture of species not known so far from other localities. A 
certain number of species is found in common between this region 
and the Burmese and Indian localities, but this number is not very 
large. A few corals occur, 
including Heliolites megasto- 
ma(=H, decipiens), He grayi 
and Favosites gotlandica 
and others less definitely 
identified. Halysites has not 
been reported, but Syringo- 
pera is represented by a new 
species (S. tonkinensis). Cli- 
macograptus ef. scalaris His. 
represents the graptolites. 
The brachiopods, like the 
identified corals, are chiefly 
Huropean Silurian types, 
including such forms as 


Fig. 84, 
— Linograptus nilssoni Barr.; a, lower part of stipe Dalmanetla 
with sicula; 6, thecee of proximal part enlarged; aie G 
E ? ve > . f, s 
¢e, another portion enlarged; d, part of a branch Se MERE OR PEs Sb atts 
or stipe on shale, nat. size (a-c, after Elles & and Sehuchertella pecten. 


Wood, d, after Barrande), , 
ae ) Chonetes is a common genus, 


testudinaria, 


being represented by 6 species, only one of them (@. striatella Dal- 
man), being known from Europe, while the others are new. The 
pelecypods are all new species but the gastropods suggest the American 
Guelph horizon, The only positively identified trilobite ( Proetus 
namanensis Mans.) is new and go are the ostracods. 

It is at present impossible to say whether or not more than 
one horizon is represented. The Lower Silurian (Niagaran) is 
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certainly present, and though it has a certain individuality, it is 
essentially a derivative from the European Silurian fauna. Whether 


any of the hori- 
zons —_ represent: 
Upper Silurian 
(Monroan), can 
not at present be 
determined, but 
it is probable 
that certain strata 


from the Van- 


yen region which 


Fig, 85. have furnished 
Halysites pycnoblastoides Yabe. Portion of a polished [Ber or hunt hitens 
surface enlarged X65. Hupeh. (After Yabe). Y Pp 


Leperditia tonki- 
nensis, DL. cf. angelini and Ceratio- 


; Ri aisicieanae 
caris ef. robustus Salter, represent the ae ASE 


Upper Silurian. 

SILURIAN OF CENTRAL CHINA. 
EN NEING Hits, In the southern 

slope of the Lun-shan, near Nanking, 


¥: 
se 
ta 
ee 
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bX 
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ae 
y 
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Fig. 86. 
and Chinkiang, in the province of Favosites gotlandicus Lam. Vertical 


e33 tion X2, Hupeh. (After Yabe). 
Kiangsi, the early Upper Ordovician ay Sue awe: 


Lunshan limestone is dis-— 
conformably succeeded by 
graptolite-bearing shales, 
which represent the lowest 
Silurian (Niagaran) hori- 


zon. The following species 
Fig. 87. have been obtained from 
Dalmanella sguivalvis (Day.) with enlargement of these shales according to. 


surface. 1 Frech 
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Climacograptus scalaris L. (Fig. 80); Linograptus nilssoné 
Barr. (Fig. 84); Diplograptus sp.; Retiolites? sp. 
The age of the beds is Lower Llandovery, and they corres- 


pond essentially to those of west Yunnan. 
Hurrn, From Loling- 


po, near No-lu-ping, Tung- 
hu-hsien, in the south part 
of the province of Hupeh, 
Yabe and Hayasaka report 
grayish marly limestone with 


the following typical Lower 
Pentamerus borealis see (After Frech.) Silurian fossils: * Halieites 

pycnoblastoides Ehrenberg 
(Fig. 85); Kavosites gotlandicus Lam. (Fig. 86); Dalmanella 
xquivalvis Davidson (Fig. 87); Pentamerus borealis Bichw. (Fig. 
88). The last species, Pent. borealis, is also reported by Frech from 


Ichang in Hupeh proyince, 


N Vatiey of Tsien-Shui § 


RE le ae ea ag | te et ee eee ~ 


7 
' 
' 
5 

‘ 


Fig. 89. Section of the Silurian strata of the overturned anticlines of Ning- 
Kiang-chou (II1), and Tchau-pi-shan (IV), with the Tsien-shui 
fault between. e, white and yellow quartz sandstones (Carb.); f, 
Carboniferous limestone (600 ft.); g, Devonian limestones Ah, 
Silurian shales and limestones with fossils.- (After y, Richthofen). 


TSINGLING REGION. The classical region for the Silurian of 


China is found in the southern foothills of the Tsingling-shan, in 


a ee ee ee 
*Por description see Yabe and Hayasaka, IV-39 Dp. 83 et seq, 
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northern Szechuan and the adjoining region of southwestern Shensi 

and southern Kansu. Here strata of this system were originally 

discovered by von Richthofen, and the fossils were described by 

Lindstrém and Kayser. The strata comprise the following succession 

in descending order: (Fig. 89). 

SUPER - FORMATION— CHAUPI- 
SHAN FORMATION Upper 
Devonian. 

Hiatus and Disconformity. ~ 

CHAOTIEN FORMATION—Green 


shale with intercalation of 


coralline limestone nodules, 
with many brachiopods and 
a b “corals (bed h. of v. Richt- 


, Fig. 90. hofen) 
Ceriasier calamites Lindstr.; a, transverse section 


of corallum; 0b, a single corallite enlarged; CHIENSHUI LIMESTONE — Im~ 


showing a three-partite character from budding. pure argillaceous limestone 
Szechuan. (After Lindstrém). 


(Bed i, of y. Richthofen). 
HUANGPAYI FORMATION—Dense red _ limestones, 


beds with many corals. 


with numerous crinoidal fragments and 
brachiopods, alternating with shaly layers, 


(Upper part of bed 1, and perhaps bed k, of 
v. Richthofen). 


Probable hiatus and Disconformity. 


SUB-FORMATION—Kiautchangpa limestone (Ordo- Fig. 91. 
vician), bed 1 in part, of v. Richthofen). Tneaine meees 
The HUANGPAYI YVORMATION contains section. Szechuan. (After 
brachiopods: Spirifer elevaius Dalm. S. inter- Bin am: 
Yineatus Sow. and Rhynchonella borealis var. sinensis Kayser, (6) 
and the corals Ceriaster calamites Lindstrém, (Fig. 90) 


Synampleaus viduwus (Lindstrém) (8). 


and 
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The CHIENSHUI LIMESTONE abounds in corals, some of which 

extend into the next higher formation. These include the genera 

_ Alveolites, Heliolites (Fig. 91), Plasmopora (Fig. 92), ITalysites 
(H. catenularia L.), Amplexus (Fig. 98), Cyathophyllum, Ptycho- 

phyllum (Fig. 94), Platyphyllum, and Cystiphyllum (Lindstrém 8) . 
The CHAoTIEN LIMESTONE contains the follow- 

ing brachiopods, besides gastropods, orthocera, 


By A trilobites and crinoid remains (Kayser 6): Atrypa 
ih we reticularis Lin.; Merista tumida Dalm.; Stropho- 
CASS emo an 
waite 23 mena shinnstienensis Kayser; Spirifer elevatus 
z. a y p 
ene Dalm.; Spirifer interlineatus Sow.; Orthis bou- 
"eserie chardii Dalm.; Nucleospira pisiformis Hall; 
asa! Atrypa? tshantienensis Kayser; Rhynchonella sp. 


Fig. 92. As is seen from their fossils, these beds are 
Plasmopora tubulata intimately related to those of northern and western 
Lonsd. Cross-section. : 

Europe. They show no species in common with 
the Silurian beds of eastern Yunnan, but they correspond essentially 


to the Konghsa marls of Burma. Hence we are justified in considering 


Fig. 93. Amplexus appendiculatus Lindst. a, longitudinal section; b, transverse 
sections; c, a somewhat lower transverse section. Szechuan, (After 
Lindstrém). 


that they entered the Chinese basin by the southern passage (Hima- 
layan geosyncline). 
SUMMARY OF THE SILURIAN oF CHINA, 


So far as our present very limited knowledge of the Silurian 


oll 
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rocks of China permits us to judge, both Lower and Upper Silurian 
(Niagaran and Monroan) are present, and these are separated by a — 
hiatus which represents the Middle Silurian. Thus the development 
corresponds to the known development of this system in America and 


in Europe, in both of which the Middle Silurian is unrepresented by 
marine strata. 


Fig, 94, Ptychophyllum cyathiformis Lindstrém; side view, and section. Some- 
what reduced. Szechuan. (After Lindstrém). 


Very early in Silurian time, indeed at the very opening ot 
the period, the sea entered the Chinese basin by way of the Himalayan 
geosyncline. Unfortunately we know too little of the deposits of 
central and western Asia to permit us to speak with certainty of the 
location of the water-way between northern India and eastern Europe, 
but that such a water-way existed is beyond doubt from the similarity 
of the bulk of the Chinese Silurian fauna to that of Europe. The 
probabilities are that it extented through Russian Turkestan, to the 
north of the Aral and Caspian Seas, to the Timan, where these strata 

are known. (See Maps, Figs. 77 and 95). 

In its long journey across Asia the fauna became modified 
to a certain extent, though many of the corals and brachiopods retain 
essentially their specific character. The graptolites, being planktonic 
and quickly distributed, remained specifically unchanged. Further 
study of the Silurian of China will probably reveal the presence of a 
much larger number of forms peculiar to this region, species which 
have arison within the nearly circumscribed basin which China 
presented. This indeed is indicated by the large number of new 
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forms which has already been described from Tonking, that being an 
area which lay within the southern part of this Chinese basin. 

How complete the development of the Lower Silurian (Nia- 
garan) of China is, can not at present be ascertained, nor is it known 
what the total thickness of the formations amounts to. All that we 
can say is, that this division is well represented by strata probably 


oe 


Fig. 95, Paleogeographic map of the Arctic region showing the distribution of 
land and water (black) in Lower Silurian (Niagaran) time, and the 
routes of migration of faunas between Fur-Asia and North America. 


several hundred feet thick, but that it is restricted to central and 
southern China, Northern China appears not to have been covered by 
the sea in Silurian time; no strata of this age now occur, and it is 
extremely unlikely that they did occur in north China, and were again 
removed by erosion before late Dinantian time. 

The Upper Silurian (Monroan) beds appear to have been 
mostly restricted to a small aroa in eastern Yunnan, south-western 
Kwangsi, and perhaps Tonking. The faunas of these beds are 
Strikingly distinct from those of the Lower Silurian, consisting entirely 
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of small Spirifers and of depauperate-appearing pelecypods, together 
with numerous ostracods, mostly however of the genus Leperditia. 
There is in these beds a total absence of the normal Silurian elements 
of Europe. The fauna bears a remarkable resemblance to that of the 
Manlius limestone of New York and to that of the Lower Monroan of 
Michigan, etc. in the U.S. A. This suggests that it was derived 
from a region which presented similar physical conditions to those - 
which characterized the region from which the lower Monroe and 
Manlius faunas of North America were derived, i.e. the east central 
Pacific. The most likely region which could have furnished these 
< Upper Silurian faunas of China, is the Indian Ocean, which, being 
on the opposite side of the earth from that furnishing the correspond- 
Sing American phase of this fauna, may have borne a close physical 
“likeness to it. I have therefore considered this Upper Silurian sea as 
2 an invasion from the Indian Ocean. Connection with European waters 
“appears not to have existed at that time, or at any rate not to have 
= been very marked. 


. 


bs 


oO 


Whether this connection with the Indian Ocean also existed 
in Lower Silurian (Niagaran) time, is a point not readily determined. 
True, there are several small Spirifers such as S. bourgeoisi and other 
forms in that fauna, which might have been derived from Indian 
Ocean sources. Still it must be remembered that forms of this type 
had become established in the Atlantic fauna and possibly in the 
Boreal fauna as well, It is not so much the presonce of these small 
forms in the Upper Silurian fauna of China that suggests invasion 
from the Indian Ocean, as it is the absence of the normal marine 
fauna of the northern and western regions, which points to a dis- 
connection of the Chinese basin from the European waters, Hence 
the Indian region could alone furnish the fauna at this period. 

This final temporary invasion of China by the late Silurian 
#ea, was apparently of short duration only. It was followed by a 
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complete withdrawal of marine waters from China. During the 
succeeding Lower Devonian period, this region, as indeed the greater 
part of Asia, was dry land. This will be more fully set forth in the 


next chapter. 
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CHAPTER VI. 
THE DEVONIAN SYSTEM. 


History AND SUBDIVISIONS. 


Historically, the Devonian system is the longest known 
system of China, for the first Chinese fossils to be described were of 
Devonian age, having been brought to Europe by travellers who 
purchased them in medicine shops (7, and 81). But though the 
fossils have been known for close on to a century, very little detail of 
the stratigraphy of this series in China is known. Von Richthofen 
scarcely met with satisfactory exposures,- though he held that Devo- 
nian rocks were widespread, and Willis and Blackwelder did not see 
these formations at all. Von Loczy (A0, 41) is perhaps the only one of 
the earlier explorers who actually investigated undoubted Devonian 
formations in the field. More recently Deprat (III, 7) gave an elaborate 
account with sections of the Devonian of Yunnan, but since much 
doubt has been thrown on the accuracy of Deprat’s work, we can not 
accept his results as final. Indeed, the subsequent detailed work 
carried out by V. K. Ting in eastern Yunnan seems to negative some 
of Deprat’s results. Unfortunately, Dr. Ting’s results have not yet 
been published, but the fossils he collected have been studied by me, 
and the brachiopods have been described in a memoir that will appear 
shortly (19). The only recent work done in the Devonian formation 
of the Tsingling-shan is that by Prof. L. Wang of the National 
University, Peking, who travelled in that region in 1922. His strati- 
graphic results are however not yet available. In order, however, that 
we may understand the real significance of the Chinese Devonian 
formations and the. light which they throw on the Devonian history 
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of the earth, it will be necessary for us to briefly review the general 
character of the Devonian formations in other countries, and attempt 


to determine the relationship which they hold to the Chinese Devo- 
nian formations. 


Two standards for comparison are generally recognized in 
Devonian stratigraphy, namely the American and the European. The 
former is based primarily upon the development in the State of New 
York, the latter upon the German and Belgian development. The 
two standards are here given, since both are necessary for the under- 
standing of the Devonian problems in China. 


Table of Devonian Subdivisions : 


American Standard. European Standard. 
Uprrer DEvontran. Upper Drvontran, 
Chautauquan division. Famennian division, 
Catskill and Chemung. 
Senecan division. Frasnian division. 


Portage group. 
(Naples, Ithaca, and One- 
onta phases), 
Genesee-Tully group. 


Mipote Devonian, MrppLte Drvyontan. 
Evian division. - Givétian division. 
Hamilton group. 
Ulsterian division. Evfelian division. 
Marcellus-Onondaga. 
Schoharie-Esopus. 
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LowER DEVONIAN, Lower Drvonran. 


Oriskanian division. Coblentzian division. 

Oriskany-Port Ewan beds. 
(Hiatus). 

Helderbergian division. Gedinnian division. 


Alsen limestone. 


Becraft limestone. 
New Scotland shales. 
Coeymans limestone. 


CHARACTERISTICS AND DIsTRIBUTION oF THE DEVONIAN FoRMATIONS,. 


LOWER DEVONIAN. 


The Silurian and Devonian form a continuous marine series 
in eastern North America, in the basin of the Appalachian geosyn- 
cline. Over a large region the uppermost Silurian strata are repre- 
sented by the Manlius limestone which carries the depauperate south 
Pacific fauna before noted. Underlying it in many sections, is a 
limestone with the Boreal coral fauna, and the absolute distinctness of 
tho two faunas can scarcely be explained except on the basis of 
invasion of the region by waters of decidedly different temperatures, 
warm waters from the Boreal] realm, cold from the Pacific. But the 
warm water fauna (upper Monroan), which in late Upper Silurian 
time covered most of North America, succeeded in occupying part of 
the Appalachian trough, and remains of it are found today in the 
fossils of the Kayser formation of Maryland and Virginia. The fauna 
of this formation is essentially the same as that of the so-called 
Helderbergian formation in Arctic America (Series B, Southwestern 
Ellesmereland, Holtedahl—IV, 19) and the fauna of that formation, if 
Devonian, must be regarded as derived from the Upper Silurian fauna, 
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which may have continued on into Lower Devonian time within the 
Boreal region, with only moderate changes. 

In the Appalachian trough, however, into which this late 
Silurian fauna had wandered (across Michigan and Ohio) in upper 
Monroan time, and where for a while it existed side by side with the 


Manlius fauna from the south, this fauna (with Gypidula precursor) 


continued into Lower Devonian time. The opening of this period 


was marked in North America by the withdrawal of the waters of the 
interior towards the north, so that the greater part of North America 
became dry land, and by the closing of the southern outlet of the 
Appalachian geosyncline to the Pacific, probably by the development 
of a low land arch, which later rose to form a mountainous barrier 
on the South. Thus, the (supposedly) cold water faunas of the Pacific 
were excluded from the Appalachian trough, where only the relict 
Boreal fauna lingered. It was this fauna, which, in the isolated water 
body thus created,* developed into the lower Devonian fauna of eastern 
North America. As this long narrow trough was open to the Atlantic 
on the north-east (region of the present Gaspé peninsula of eastern 
Canada), certain elements of the Atlantic fauna of the period could 
wander in, and become incorported in the fauna, but at first this 
seams not to have been the case to any marked extent. Thus the 
Helderberg fauna of eastern North America became a unit, distinct 
from other faunas of the same period, but having its nearest affinities 
with the contemporaneous early Devonian faunas of the Boreal sea 
which also, but independently, developed from the late Silurian fauna, 
a remnant of which had become the ancestor of the Helderberg fauna 


of North America.** After the deposition of several hundred feet of 


“For map of this water body see Grabau, Textbook of Geology Vol. Il p. 403 
Wig. 1287. 


**The author is here presenting his own views of the origin of these faunas, 
based on many years of study. These views are not shared by all geologists at present. 
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limestones and shales in the Helderberg trough, the sea slowly with- 
drew to the north-east, draining the trough and leaving the previously 
deposited strata exposed to erosion. In the north-eastern end of the 
trough, however, the sea continued to linger, for on the Gaspé penin- 
sula of eastern Canada, we find that these Lower Devonian limestones 
(Saint Alban and Cape Bon Ami limestones) have a thickness of 
about 1,200 feet, only the basal part of which corresponds to the 
Helderbergian of New York, the remainder being formed during 
the period of sea retreat from the Appalachian trough. The Gaspé 
limestone is followed by some 800 feet of limestones (Grand Gréve 
limestone) which were deposited during the re-advance of the sea in 
late Lower Devonian time. In the Appalachian trough the products 
of erosion of the older strata were accumulating in certain regions, 
while wind-blown quartz sands were carried from Appalachia and 
other regions, across a wide land area. With the re-entrance of the 
sae into the trough, the erosion products were reworked to form the 
Port-Ewan beds, and the sands to form the Oriskany sandstone. With 
the continuous spread of the sea, the waters from the north again 
came in contact with those in the Appalachian trough, and a new 
element, the Boreal, was added to the Oriskany faunal element, which 
had entered from the Atlantic. Out of these combined elements arose 
the Schoharie fauna, during a period when the mud delta of the 
Esopus shale formed a more or less effective barrier to the further 
invasion of the trough of Atlantic elements. Finally the sea-connec- 
tions had become so complete that the warm waters of the Boreal 
province with their coral faunas, (derived by evolution within the 
province from the Silurian coral faunas) could spread far and wide 
over North America, and become instrumental in the formation of 
the Onondaga. limestone. 

One fact must, however, clearly be kept in mind, for it has an 
important bearing on the Devonian history of Asia. The Lower 
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Devonian sea was no longer as extensive in the Boreal region as it had 
been in Silurian time. With the end of that period, when western 


Europe suffered the disturbances which created the Caledonian moun- 


BY 
AW GRABAU 
soac 
_ ‘LOwEA OnvoNiAN 


Fig. 97. Palwogeographio map of Asia showing the probable distribution of 
land and sea (black) in Lower Devonian time. CUChowar Shur, P= 
Ferghana, 


tains, the American continent also became dry, except for the Appala- 
chian trough, while the land barrier between this and the Pacific 
arose on the south. Northern Asia too, suffered disturbances, for the 
strata of the old Yenissei-[rkutsk-Lena geosyncline became folded into 
a series of semicircular mountain chains, while a new belt of geosyn- 


clines came into existence outside of these mountain chains. This new 
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geosyncline thus lay in the old-land outside of the location of the 
Silurian geosyncline, and the Silurian and Devonian strata were 
deposited in separate belts. Lhe whole interior of the Irkutsk or north 
Siberian basin, algo became dry land, and remained so until long 
after the end of Palsozoic time. 

Tt was this newly formed land-mass ‘‘Angara-land’’, which 
apparently continued northward, extending across the polar region to 
join the land-mass of Mackenzia which then divided northern North 
America into two parts.* It was only in the western part of this 
region, in Eur-Asia, that a water body (Fig. 97) which lay next to 
(east of) the old-land of Atlantica, entered the main land of to-day. 
One arm extended southward in the Ural geosyncline while a second 
reached southward across Siberia to the Salair mountains of today, 
one of the limited number of localities in Asia in which Lower 
Devonian fossils have been found. It is quite possible that the Lower 
Devonian of the Urals, which is repeated in the Salairs, represents ag 
nearly as may be, the Lower Devonian fauna of the Boreal region in 
its greatest purity. Certain it is, that no other locality known was 
in such direct connection with the Boreal region. It is not likely that 
direct connection existed between these geosynclines and the southern 
part of the Baltic ‘geosyncline for along the Russo-Baltic border the 
Lower Devonian strata are either absent or represented by continental 
beds. That such connection existed in spite of this, is indicated by 
the repeated occurence in the Siberian region, of one or two species 
typical of the late Lower Devonian (Coblentzian) of Germany. Con- 
nection with the central European region is further shown by the 


*The maps of the Devonian seas of North America published by the author in 

_ his Textbook of Geology Pt. II need correction in the light of the knowledge gained 

from the study of Asia. On these maps (pp. 403-411) Mackenzia is represented as 

ending in a point on thé north whereas it should remain approximately of the maximum 

width to the northern edge of the map, continuing on the otner side in the Angara-land 
extension, 
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numerous marked Bohemian elements in the Lower Devonian of the 
Urals. This line of connection has been carried on the map across 
southern Russia, approximately along the fiftieth parallel. One of the 
characteristics of the Lower Devonian fauna of the Urals, as described 
by Tschernyschew (68, 70), is the evident suggestion of Silurian 
affinities in the fauna. This is not at all surprising when we realize 
that this fauna is directly derived from an Upper Silurian fauna in a 
neighboring region. That the essential elements of the Helderberg 
fauna were also derived by modification within a circumscribed area, 
of a disassociated remnant of the northern late Silurian fauna, would 
further tend to the production of certain similarities of the two faunas, 
without, however, effecting specific identity. Such similarity would 
be the result of parallelism in development under corresponding 
similar physical conditions. 


LOWER DEVONIAN OF CENTRAL ASIA. 


The border region of Turkestan, Afghanistan and northern 
India is at present the only region in central Asia from which Lower 
Devonian faunas have been recorded. The localities which have 
furnished these are: eastern Ferghana (long. 72° 10’ to 74° 20’ N., 
‘Lat. 40° to 41° 20’ Ei.) (Muschketow 51), and elsewhere in Turkes- 
tan (vy. Weber 74), and Showar Shur in the Hindukush of | 
Afghanistan (long. 73°35’ N., lat. 36° 50’ BE.) (Reed 61). The 
fauna described by v. Weber, and that listed by Muschketow are both 
characterized by a remarkable preponderance of the Bohemian or 
Hercynian element, an element equally characteristic of the Lower 
Devonian fauna of the Urals. As in the latter case, a certain Silurian 
elemont seems to be in evidence, as signalized by such species as 
Dalmanella elegantula (Dalm.), Plectambonites transversalis Wahl., 
etc. Characteristic forms common to the eastern Ural, (Bogoslofsk 


limestone) and the Ferghana region, include Atrypa reticularis Linn., 
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A. granulifera Barr., A. marginalis Dalm., Rhynchonella princeps 
Barr., R. nympha Barr., Sieberella siebert v. Buch, Spirifer uraloal- 
taticus Griinew., Karpinskya coniugula Tschern., Strophomena stephan 
Barr, and others, besides Spirifer paradoxus Schl., and Cyrtina 
hetoroclyta Defr., characteristic species of the upper Coblenzian of the 
Rhine district. The fauna occars in a white and light gray granular 
limestone which forms the lower part of a calcareous and siliceous 
Series, at least 1000 meters in thickness, and which also includes the 
later Middle Devonian with Stringocephalus burtini, the Upper Devo- 
nian, Dinantian and Upper Carboniferous. The fauna obtained from 
Showar Shur also includes Sieberella siebert von Buch, a Spirifer 
related to S. primevus Stein. of the Taunus quartzite and Siegen 
graywacke of the Rhenish Lower Devonian, S. cf. vobustus Barr., 
Stropheodonta phillipst Barr., Orthothetes hipponyx Schuur, ete. 

There seems little possibility of connecting these central 
Asiatic Lower Devonian deposits directly with the Bohemian region, 
since the evidence at present available negatives the extension of the 
Mediterranean Sea across the Persian region. Moreover, the very 
close relationship which exists between these central Asiatic faunas 
and those of corresponding age in the Urals, leads us to regard the 
connection as most direct with the latter district. The characteristic 
Rhenish species found in these deposits point to a similar connection. 
Hence, upon the map I haye extended the Uralian embayment to this 
central Asiatic region, but it must be distinctly understood that this 
represents merely an interpretation of the available facts, and is by no 
means established. There is at present no evidence to show that this 
embayment of the Lower Devonian sca extended into the Himalayan 
geosyncline, for the Burmese deposits, with forms suggestive of the 
Hercynian, are shown to be Silurian by the occurrence of typical 
Silurian graptolites (See ante, p. 121). Furthermore, there is at 
present no conclusive evidence, that the Lower Devonian sea extended 
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into the Chinese basin. It is true that Mansuy has described a fauna 
from eastern Yunnan which he considered to represent the Lower 
Devonian. This determination was based on the identification of an 
imperfectly preserved shell impression, as a variety of Sieberella sieberi. 
As will be more fully shown later, this identification is extremely 
doubtful, and the other fossils associated with this shell, have Middle, 
rather than Lower Devonian affinities. We are thus forced to con-~ 
clude, that the Lower Devonian sea did not extend into China, and 


that deposits of this age, where formed, were of purely continental 
character. 


LOWER DEVONIAN OF THE ALTAI REGION. 


In addition to the Lower Devonian of the Kusnezk basin 
and the Salair mountains, strata of this age have also been described 
from the southwestern part of the Altai mountains to the south of the 
Kusnezk basin (Tschernyschew 71). The fauna was obtained from 
the limestones in the Krjoukowski mine and is of Coblentzian affini- 
ties. The fauna contains a number of trilobites, including Harpes 
reticulatus Corda, Proetus whlerti Bayle and several new species (Phacops 
altaicus, Bronteus sibiricus, Proetus sibiricus) ; the cephalopods Gonia- 
tites (Anarcestes) lateseptatus Beyr., and Orthoceras albense Tschern; 
the gastropod Platiceras disjwnctum Giebel var. altaica; and the 
brachiopods Meristella upsilon Barr. (?), M? altaica Tschern., Whit- 
fieldella tumida Dalm., Spirifer sibericus Tschern., S. aliaicus 
Tschern., Strophomena solaris Barr.? and Chonetes embryo Barr. 
The prevailing types are western European, many of them allied to 
the species of the Bohemian stage F2 (Konjepruss), as is also the 


case with the species of the Urals. The coral element suggestive of 


American affinities is absent, and these beds probably represent a 
different horizon in which European forms predominate. The area ~ 


in which these deposits were found was probably an extension of the 
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Salair embayment, and not directly connected with the central Asiatic 
region, 


“LOWER DEVONIAN OF THE ATLANTIC PROVINCE. 


The lower Devonian fauna of the Atlantic province is prob- 
ably developed in its greatest purity in the great series of formations 
which represent this division in the Rhine district of western Ger- 
many. -It is true that this series of formations consists largely of 
sandstones and shales, and in a measure represents the material brought 
by the rivers from the old-land of Atlantica on the north-west, and 
deposited near the shore, and, for the most part, in shallow water. 
Asa. result only one phase of the Devonian life, that of the shallow 
‘water, is represented. A more calcareous phase however is found in 
the Harz Mountains, and in the Thuringian region in Germany, 
where lentils of limestone enclose the so-called Hercynian fauna, a 
rich assemblage of trilobites, brachiopods and gastropods. A more 
special phase of this fauna is found in the basin of Bohemia, where, 
in the vicinity of Prague and Beraun, is found the Konjepruss lime- 
stone, which encloses a wealth of organic remains. ‘This is the 
division named by Barrande F-2. It is underlain by a dark lime- 
stone (1-1, of Barrande), which represents the uppermost member of 
the Silurian, being separated from the underlying Lower Silurian 
(1-2, Niagaran) by a pronounced hiatus and disconformity, but 
apparently continuing without interruption of sedimentation into the 
overlying Konjepruss limestone. The fauna of the Konjepruss lime- 
stone is a complex of several facies, most marked among which is the 
reof facies. This is characterized by a great development of corals 
and brachiopods, and by peculiar, mostly thick-shelled gastropods. 
Trilobites are rare, and goniatites are absent, while nautiloids are | 
only found occasionally. Among the brachiopods the pentameroid 
shell is especially characteristic, while the gastropods present a large 
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series of forms which have lost the ability to coil, at least in their 


adult stages. Such loss of power for spiral growth indicates racial 


senility or phylogerontism in the types thus affected. It is generally 
possible to refer such senile types back to Silurian ancestors of normal 
form. These non-coiling gastropods are generally referred to the 
genus Platyceras, though these forms are not congeneric, but represent 
end-members of many different genetic lines. It is an interesting fact, 
that the only other horizons in which gastropods of this type are 
found in abundance is in the Helderberg and Oriskany beds of the 
Appalachian trough, and it is quite possible that these so-called 
American Platyceras represent a case of parallelism in degeneration 
with those of Bohemia, both occurring under the conditions of isolation 
enforced in similarly circumscribed basins. 

Trilobites are common in another facies of the Konjepruss 
limestone, and they are generally forms with large spinous pygidia, 
belonging to the generic groups Bronteus, Proétus and Cyphaspis. 
Some of these are represented by numerous species. 

In general, this fauna has a wide distribution in southern 
Europe, occurring on the one hand in southern France and north- 
eastern Spain (Barcelona region), and on the other in the Carnic 
Alps and as far east as the Bosphorus. Beyond that, however, no 
indications of this fauna have been found, for in the neighboring 


parts of southwestern Asia, the Devonian, where present, begins with 
strata of Middle Devonian age. 


MIDDLE DEVONIAN. 


ULsTBRIAN oR EIreLIAN Epocu. Throughout the known 
parts of the world the seas of the Middle Devonian period arose by 


insensible steps out of the Lower Devonian seas. No world-wide 


negative eustatic or retreatal movement, such as heralded the opening 
of Middle Silurian time affected the waters of the earth in the Deyo- 
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nian period, though movements of this type occurred in the Appala- 
chian geosyncline during Lower Devonian time as we have seen, The 
renewed transgression of the sea, which in North America culminated 
in the production of the Oriskany sandstone, continued without inter- 
ruption into Middle Devonian time. But the fact of significance in 
the opening stages of the Middle Devonian was that the transgression 
became world-wide, affecting the various marine basins, which again 
tended to become confluent. Thus the Boreal waters mingled with 
the Atlantic waters in the seas of the interior of North America. For 
a time the ingress of the Atlantic waters into the Appalachian trough 
was made more difficult, if it was not wholly prevented, by the building 
of great mud-deltas by rivers from the old lands which bordered it. The 
remains of one such delta built by a river from Appalachia, are pre- 
served in the Esopus shales of eastern North America, It was this 
partial interruption that gave the Boreal fauna its advantage and 
thus we find that the first manifestation of this fauna in the Schoharie 
formation was wide-spread in North America. It was followed by the 
Onondaga fauna which again introduced the coral element of the 
Boreal seas into the North American waters. As was long ago pointed 
out by Stuart Weller, this Onondaga fauna is a direct derivative of the 
older Silurian fauna, the modification having taken place within the 
Boreal realm. I have myself shown the marked resemblances in the 
coral and hydrozoan elements between the upper Monroan (late Upper 
Silurian) and the Onondaga. Such similarity also exists among some 
of the brachiopods, while the gastropods and cephalopods still retain 
their Silurian affinities. J. M. Clarke has shown, that the cephalopod 
element of the Onondaga is of Atlantic origin, and this is also true of 
some brachiopods, notably Spirifer acuminatus, which is equally at 


home in America and in western Europe.* 


*For further details see A. W. Grabau, Text Book of Geology, volume 2 
pp. 402 et. seq. 
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The Schoharie-Onondaga transgression belongs to the first 
half of the Middle Devonian period, that one which is generally referred 
to as the Ulsterian in America, and the Hifelian in the European 
nomenclature. 


a 


6 
Middle Devonian- Eifelian 


Boreal Palzogeography-A.W.Grabau 1923 


Fig. 98. Falseogeographie map of the present north polar region showing the 
marine waters (black) which probably extended across it in early 
Middle Devonian (EHifelian-Ulsterian) time, permitting migration 
of faunas between America and Eur-Asia. The Altai embayment 


(0th meridian IX.) was probably joined to the Tomsk channel as 
shown in Fig. 101. 


This transgression was not marked in the Eur-Asian exten- 
sions of the Boreal sea, indeed there seems to have been a partial or 
temporary withdrawal of the waters probably followed by a re-advance, 
comparable to, though probably not contemporaneous with, the Oris- 
kany withdrawal in the Appalachian trough. This is suggested by the 
absence of rocks of early Hifelian age in the eastern Urals and in the 
Altai mountain region and by the presence above the Lower Devonian 
_ limestones, of unfossiliferous, probably continental, sandstones on the 
western slopes of the Urals, where beds of Hifelian age are found to 
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overlie these sandstones. It is a significant fact, that the Hifelian 
beds of the western Urals have little if anything in common with the 
typical Eifelian beds of western Europe which are characterized by 
the fauna with Calceola sandalina (Fig. 99). The Hifelian beds of 
the western Urals are characterized by the typical Boreal coral fauna, 
with species of Favosites, Alveolites, Cyathophyllum, Cystiphyllum, 
etc, identical with, or closely related to those found in the Onondaga 
limestones of North America, the eastern representative of which 


b a 
Fig. 99. Caleeola sandalina Lam., a characteristic index fossil of the! Eifelian ; 
a, with operculum remoyed, showing septate calyx; b, with operc- 
ulum in position. 


these Uralian limestones are. (See map Fig. 98). The Russian plat- 
form, between the Urals and the Baltic region, was not covered by the 
Sea but was the scene of extensive fluvial deposits by rivers from 
Scandinavia, which was then a part of the oldeland of Atlantica. 
These deposits have produced the lower Baltic sandstone which today 
Preserves the remains of the fishes Asierolepis, Osteolepis, Dipterus 
etc., which inhabited the rivers of Atlantica in early Middle Devonian 
time. It was only with the beginning of the Givetian or late Middle 
Devonian, that the waters of the Ural trough trangressed across these 
fluvial beds, covering the greater part of the Russian platform, and 
prokably making extensive connections with the seas of central Europe. 

The Middle Devonian of central Europe is typically developed 


in western Germany (Eifel) , presenting considerable variation in 
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facies and faunas in the various regions of its development. The 
early Middle Devonian sea, which for the most part was confined to 
the regions south of the fifty-third parallel of north latitude, was. 
characterized especially by Spirifer cultrijugatus, the European muta- 
tion of Spirifer acuminatus, and by Calceola sandalina, (Fig. 99) 
and in the upper part by Spirifer speciosus (Fig. 100). In some 
regions corals. were common, 
but whether these are to be 
regarded as types which had 
become residents of the Atlantic 


waters or whether they repre- 
sent local emigrants from the 
Boreal realm cannot be deter- 
mined at present 

In any case the waters which 
covered western Europe in Hife- 
lian time, had their chief con- 


nection with those of the Fig. 100, Sprayer speciosus, cardinal and 
Atlantic. They may have had precbialiyiene: 
some junction with the Boreal waters, but the evidence for this is very 
inconclusive. | 

The typical Hifelian fauna or fauna with Calceola sandalina 
(Fig. 99.) is again known in the dofiles of the Araxes near the con- 
junction of the boundaries of Armenia, Russia and Persia. This 
occurrence indicates the general direction of transgression of the early 
Middle Devonian sea, which extended probably from the region of the 
Bosphorus across Asia Minor and Persia, into the heart of southern 
Asia along the southern border of ancient Caucasia (Fig. 101). That 
the ancient passage-way along the Hymalayan geosyncline was again 
open at this time, is shown by the extensive development of the Wife- 
lian fauna at its eastern end, in the Northern Shan States of Burma, 
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ag well as the presence of this fauna in south-western China (Yunnan) 
and Indo-China. : 


PAL ZOGEQGRAPHY 
; .OF : 
BY 
AM. GRABAU 
-1925 
MIDDLE DEVONIAN 


‘Fig. 101. Palesogeographic map of Asia, showing the distribution of land 
and sea (black) in early Middle Devonian (Kifelian) time. K.= 
Kusnezk Basin. 

In the Northern Shan States of Burma, Lower Devonian is 
entirely unknown, though Reed (59) refers to the presence of some 
trilobites and other forms suggestive of Hercynian affinities, in strata 
characterized, by MW onograptus and evidently of Silurian age. Middle 
Devonian is however well developed, especially at Padaukpin (lat. 


22° 6’, long. 96° 40’) where fossils abound in a limestone apparently 


The Devonian System 157 


interbedded in the main mass of the limestone which forms the Shan 
Plateau. Corals, bryzoa, and brachiopods are especially abundant in 
the Padaukpin limestone, while other fossils are comparatively rare, 
Of the corals, all the species either cccur in the Chinese Devonian or 
are represented by related forms. They and the brachiopods are 
predominantly of the types characteristic of the Hifelian of Hurope, 
the characteristic Calccola sandalina (Vig. 99) being present. There 
--are, however, also many’ representatives of the Givetian, though the 
typical Stringocephalus burtint (Fig. 103) has not been found. Of the 
specifically identified species of brachiopods of Burma, 265 per cent. © 
occur in China, and 34 per cent, more are represented by varieties, or 
closely related species, making a total of 59 percent of the Padaukpin 
brachiopods, which have so far been found in China (Grabau 19). 
We have no conclusive evidence to show that the Hifelian 
waters transgressed accross central Asia, for the lowest Devonian 
-deposits known from the Tienshan and Kwen-lun Ranges belong to 
the late Middle Devonian or Kwen-lun transgression. It is true, 
Muschketow (51) refers to this horizon certain siliceous shales, with 
intercalated dark limestones, which in eastern Ferghana lie between 
the Lower Devonian and the Givetian or Stringocephalus beds. These 
contain a few brachiopods and goniatites, of still undertermined 
species. It is not impossible however, that these beds may be the 
basal part of the Givetian, which here may lie disconformably upon 
the Lower Devonian. Nevertheless, we must assume that the Hifelian 
‘sea did send an arm northward, at least as far as the Kusnezk basin 
(abt. lat. 54° N., long. 88° E.), in the Siberian government of 
‘Tomsk, for from this region a very rich Middle Devonian fauna has 
been described by von Peetz (55). Both the Calceola sandalina 
and the Stringocephalus burtini stages are recognized, the former com- 
prising 60 species, and containing nearly all the European species - 
found in the Padaukpin beds of Burma, while several Russian or 
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Uralian forms, and about half a dozen new species are presont. The 


presence of the Boreal species suggests a connection with that sea but. 


col 50° ao" 


Middle Devonian-Givetian 


Foreal Paleeogeography—A.W. Grabau 1923 © 


Fig. 102. Paleogeographic map of the present north polar region, showing the 
marine waters (black) which probably crossed it in later Middle 
Devonian (Givetian-Erian) time, and the probable routes of migra- 

tion of the faunas between America and Eur-Asia. 


Ertan or GIveTIaAn Epocn. The second half of the Middle- 
Devonian, which in Europe is known as the Givetian and in America 
a3 the Hrian, witnessed a decided change in the arrangement of lands. 

‘and seas, in all parts of the present northern hemisphere. ‘There are- 
good reasons for believing that the Boreal waters, which had furnished 
the main source of the faunal elements of the Onondaga beds of North 
America, at this time assumed a minor importance, if the connection 
had: not become entirely severed (Fig. 102), for while the coral 
element continues in the Hamilton fauna, it is now an endemic 
element, and the brachiopod element is to a large extent of Atlantic 


origin. 
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Indeed the typical Hamilton fauna of North America with 
Spirifer mucronatus and Tropidoleptus carinatus must be regarded as 
an endemic fauna, continuing in the Atlantic Ocean until far into 
Upper Devonian times. In the central region (Michigan, Ontario, 
etc.) a provincial fauna arose, under conditions of isolation from a 
cut-off remnant of the typical Hamilton fauna. This fauna, known 
as the Traverse fauna; contains a considerable foreign element, which 
is more purely developed in Iowa, Manitoba, and Alaska. This is the 
invading Givetian fauna of Europe, with Stringocephalus burtini 
(Fig. 103), Schtzophoria striatula, and other forms, strange to the 
Atlantic Hamilton type, or Erian fauna. 4 
While thus in America 
the Boreal seas were virtually 
divorced from the interior 
waters, these now entering 
into closer relations with the 
Atlantic waters on the ‘one 
hand and the Eur-Asian seas’ 


ei 
i 
\ \\ S 


on the other, the conditions 
were the reverse in Europe. 
The Boreal sea, which had 
only occupied the Ural gaosyn- 


Fig. 103. Stringocephalus burtini, the index- cline but not the Russian 
fossil of the Givetian. 


platform in Hifelian time, now 

spread across the latter, converting it into a vast inland sea 
(Fig. 104). 
Wherever the fluvial deposits of the Hifelian with their fish 


remains had been deposited, these were now covered by the sediments 
of the Givetian sea, whereas in regions not reached by the fluvial 
depositg, the Givetian sediments rest directly upon the older rocks. 
Thus in the vicinity of Lake Onega, these beds rest transgressively 
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upon the Pre-Cambrian rocks of the Fenno-Scandian shield. 

For the most part this Russian sea had only minor connect- 
ions with the rest of Europe through the Polish channel, between 
the terrestial deposits on the north and the Caucasian old-land on the- 
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OF 
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GIVETIAN 


Wig. 104. Paleogeographic map of Asia, showing the probable distribution of 
land and sea (black) in later Middle Devonian (Givetian) time 
and the main geosynclines, 

south; its leading form was Spirifer anossofi (Fig. 105), a species 
which has been erroneously reported from the Chinese Devonian. 
With it, in the Ural region, occurs Stringocephalus burtini (Fig. 103), 
and Schizophoria striatula (Fig. 137). 
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The place of origin or nativity of Stringocephalus presents an 
interesting problem. The genus appears suddenly in European waters 
without any apparent predecessors. It cannot be regarded as of 
Atlantic origin, because the genus is wholly foreign to the typical 
Hamilton fauna which, according to all indications, was endemic in 
that water body. Its 
appearance in Asia and 
western North America 


is clearly the result of 


; migration, while its 
Fig. 105. Spirifer anossofi Middle Devonian (Givetian’. Breraniteeccttrencemn 
the expanded Boreal waters of the Russian basin, scarcely admits 
of the assumption of a Boreal origin, but suggests immigration through 
the Polish channel, in the deposits of which it is well represented. 
This suggests that it arose in some European basin from a still un- 
known Hifelian ancestor. 

It is still a matter of doubt, to what extent the Givetian 
is represented in the Altai basin of Asiatic Russia. The Middle 
Devonian strata found in the Salair mountains, consist of shales and 
limestones with the Boreal coral fauna, but whether these waters had 
any connection with the seas which now began to cover central Asia 
is less certain. Such connection has, however, been represented on 
the map. 

The pronounced marine transgression which affected central 
Asia in Givetian time has come to be known as the Kwen-Lun 
iransgression. It was then that the sites of the present Tianshan 
and Kwen-Lun mountains were first inundated, these late Middle 
Devonian beds resting directly upon the ancient crystallines. 

There is no evidence to show that this transgression extended _ 
into the Nanshan region and thence into the Chinese or Cathaysian 


basin; the evidence available points to the invasion of the Chinese 
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basin along the southern or Himalayan route. On the other hand, 
the occurrence in the Minuzinsk region of Siberia, within the geosyn- 
clines which enclosed the Angara-land, of Spirifer cheehiel (Fig. 106) 
a typical Chinese form, together with Spirifer anossofi (Fig. 105), a 
typical Boreal form, indicates that connection had been established he- 
tween these geosynclines and the more southern waters. 

From gray limestone on 
the River Beja in the Minu- 
zinsk region, a rich Middle 
Devonian fauna has _ been 


obtained, in which tle pre- 


a sence of several Chinese species 
Fig. 106. Spirifer cheehiel de Koninck. Middle is 773 


: gee? an interestin feature 
Devonian (Givetian). inte g u 


(Stuckenberg 65). The 
species identified, include the brachiopods: Crania obsoleta Goldf., 
Strophalosia productoides Murch., Orthotetes crenistria Phill., Atrypa 
reticularis Linn., Spirifer cheehiel de Kon., S. wndiferus Roem., 
Athyris concentrica y. Buch, Emanuella takwanensis (Kayser), and 
in addition, Spirorbis omphalodes Goldf., Cornulites epithonia Goldf., 
Aulopora repens Knorr, A. tubaformis Goldf., Monticulipora fibrosa 
Goldf., and M. parasitica Kayser. Besides these, there are three new 
species of Spirifer (S. martianofi, S. kayseri, and S. smidti), two of 
Rhynchonelloids and a Pterinea, besides several specifically unidenti- 
fied forms. The same fauna is indicated in two other localities. 

In the region near Tomsk, on the Yaia and elsewhere in that 
section of Siberia, Middle Devonian shales and limestones occur, en- 
closing Spirifer undiferus Roem., S. cheehiel de Kon. (Fig. 106), 
Strophomena interstrialis Phill., Strophalosta productoides Murch., 
Cyathophyllum hexagonum Goldf., Favosites cervicornis Blainv., Acti- 
nostroma clathratum Goldf., etc. In places these beds are strongly 
metamorphosed, the limestones becoming marble and the siliceous 


The Devonian System — 168 


beds being altered into quartzites. They are succeeded by shales and 
limestones with a rich Upper Devonian fauna (Krasnopolsky 32). 
Beds regarded as of Middle Devonian age are also reported from the 
Kirghiz steppes, where they are represented by limestones which rarely 
contain fossils, and which are subordinate to quartzites and schists. 
From the limestones the following species have been obtained: Leptena 
rhomboidalis Wahlb. var. analoga Phill., Proétus ef. rana Hall, Proetus 
ef. macrocephalus Hall, Favosites goldfussi d’Orb. They are succeeded 
by Upper Devonian rocks which are very fossiliferous. 

Recently the Third Asiatic Expedition has brought back 
materia] from the Mongolian geosyncline which indicates the presence 
there, of Devonian strata. These are also known in the Nertchinsk 
Mts, near the Transbaikal-Manchurian border (abt. long. 115°-120° E. 
lat. 50°-53° N.). Still farther east, Ivanow (26) has found’ Devonian 
beds in the Amur country, to the north-west of Khabarowsk, especial- 
_ ly on the upper branches of the Kur and Unma (Ounma) rivers (lat. 
50°) and in the basin of the Grand Bira (lat. 49°). More recently 
Ahnert has found Devonian strata at Erh-Tsin-Tsian-Sze in Manchuria 
and P. Pazausky in the Evaron lake district on the lower Amur (abt. 
lat. 51°, long. 137°), but the details of these are still lacking, and it 
is not known whether they include Middle Devonian.* The occur- 
rence of Devonian strata on the west coast of Okhotsk sea, near Ayan 
(abt. lat. 56°30’ N.) is well known, but again it is not ascertained 
whether or not these include Middle Devonian beds. 

Beyond these points, the further extent of the ancient water- 
ways is purely conjectural, nor is it known whether a connection 
existed with the Pacific Ocean of the period, though this is not 


unlikely. The probabilities are that an arm extended north between 


*In accordance with these recent discoveries, the southern border of the Mongolian 
geosyncline should be drawn farther south in the eastern region, than is shown upon 
the Palwogeographic map. 
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longitudes 140 and 160 degrees, until it met the extension of those 
waters which then covered Alaska. That a pathway of this kind | 
existed, is shown by the abundant development of the Givetian 
elements of the Middle Devonian fauna in the so-called Dakota sea of 
western North America, where the coral elements of this fauna, as 
well as a number of its characteristic brachiopods, have a wide distri- 
bution, while Stringocephalus burtini (Fig. 103), the index fossil of 


the Givetian is found as far south as Manitoba. 
The Givetian fauna is well developed in the Middle Devonian 


rocks of China, this division being more fully represented there than 

the Eifelian. At present Stringocephalus is known only from eastern 

Yunnan, but other members of the fauna are quite extensively distri- 

buted. The details will be given below. i : 
UPPER DEVONIAN, 

The peculiar distinction of oceanic basins and interior seas 
which we have seen to have been in existence in later Middle Devonian ~ 
- time, persisted into the Upper Devonian, where, however, the progress 
_ of geographical development became more complicated by the pro- 

gressive increase of the activities of the rivers of the several land 
areas, and a consequent wide extension of shallow water clastic, and 
eventually of continental deposits. According to all the available 
evidence, the waters of the Atlantic continued to remain the home of 
the little modified Erian type of fauna, for we find that it re-enters 
the interior of North America from the Atlantic at various times in 
the Upper Devonian. Black mud sediments, however, brought by 
rivers from the broad expanses of southern North America, had 
begun to be a marked feature of the southern border of the interior — 
seas, while alluvial fans and deltas built by streams from Appalachia, 


began to encroach upon them from the east. 
Senecan or Frasntan Epocu. Almost from the opening of 


the period, the combined work of the waves and of the mud-bearing 
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rivers from the south had affected the virtual separation of the greater 
part of the interior seas of North America from the Appalachian 
geosyncline, while mud-barriers in like manner effected a separation 
between the central and the Dakota sea, where the Eur-Asian fauna 
continued to exist. Within the central waters thus separated, a new 
fauna arose by modification under isolation of the Hamilton or Erian 
fauna which had remained in that basin, but because of the effective 
barriers on the east, was prevented from intercrossing with the normal 
Krian fauna which still continued to exist in the Appalachian geosyn- 
cline and in the Atlantic waters. 


4 


S 
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The first of these newly arisen faunas was that of the Tully 
“limestone of New York, but this fauna also included some emigrants 
“from the Dakota sea, into which they had wandered from Asiatic 
waters. Foremost among these foreign elements;were Hypothyridina 
“euboides and Schizophoria striatula (S. tulliensis). (Grabau 16). 

A somewhat younger fauna, developed in this region under 
“ similar conditions, was that of the Ithaca shales of the Portage group. 
This fauna eventually mingled with the unmodified Hamilton fauna 


UBLIC 


of the Appalachian trough on the submergence of the intervening 
barrier (Grabau 17). Meanwhile an entirely new fauna arrived in 
this basin with startling suddenness. It was a fauna composed of 
goniatites, pelecypods (cardioconchs), and pteropods, and was 
apparently of a pelagic habitat. This fauna, which in America is 
known as the Naples fauna, existed side by side with the contem- 
poraneous Ithaca fauna of the more eastern part of the basin, from 
which it was separated by no barrier, but with which it did not inter- 
mingle. It had another contemporary in the fauna of the Dakota sea 
which was continuous with the waters of eastern Asia, but separated 
from the interior American sea by the old-land of Mackenzia, the 
continuation of Angara-land, and by mud deltas built by rivers from 
the south, and now preserved as black Devonian shales (Antrim shales, 
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etc). The goniatite fauna is well known in Europe, many of the 
species there being identical with those found in North America. 
From the leading member of this fauna, Goniatites (Manticoceras) in- 
tumescens (Fig. 107), this fauna is generally spoken of as the Jntu- 
mescens fauna. It is known from 
the Urals and the Timan range of 
northern Russia and from many 
districts in western Europe where it 
constitutes a phase of the Frasnian, 
as the early Upper Devonian of 
Kurope is called. (See map Fig. 
108). 
Apparently this fauna did not 
enter, to any great extent, the south 
European regions which formed the 


Fig. 107. Manticoceras intumescens, Early passage-way to Asia, for we do not 
Upper Devonian (Frasnian). recognize it anywhere in the known 
tees acu Asiatic Upper Deyonian deposits. 

This would also argue that the Altai extension of the Boreal sea was 

no longer an open passage-way a3 it appears to have been in Middle 

Devonian time. This indeed we find indicated by the nature of the 

sediments and their faunas in the Altai region. Those of Tomsk, 

Kusnezk, Irtysch and near Bajanaul, are marine sediments with a 

normal Asiatic fauna, while west of Bajanaul are the Akmolinsk 

fluviatile deposits of this period and east of Kusnezk the red sand- 
stones and gypsum deposits of Minuzinsk, etc. In the Salair moun- 
tains, Upper Devonian seems to be entirely absent. It is thus apparent 
that the Middle Deyonian waters became much contracted in Upper 

Devonian time and those which remained were disconnected from 

the Boreal sea (Fig. 109). 

We are thus forced to the obvious conclusion that the Intu- 
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mescens fauna was primarily at home in the Boreal realm, thence 
extending its migrations into interior North America on the one band, 
and into western Europe on the other. There is no other possible 
center of distributiou for this fauna so far as our knowledge of it is 
concerned, and we are forced to the further conclusion that it 
originated in the Boreal realm, probably after the complete extinction 
there of the early Middle Devonian coral fauna, which, however, 
survived in European, Asiatic and west American waters into Upper _ 
Devonian time. 
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Fig. 108. Paleogeographic map of the present north polar region, showing the 
probable water-ways (black) which crossed it in early Upper Devonian 
(Frasnian-Senecan) time, and the routes of migration of the faunas 
between America and Hur-Asia. : 

Existing side by side with the goniatite fauna of the Boreal 
province, was the normal Upper Devonian fauna, which had arisen by 
modification from the preceding Middle Devonian fauna in partly 
circumscribed basins upon the European continent, as the Ithaca 
fauna had arisen in America. This is the typical Frasnian fauna, in 


which Spirifer verneuili Murch. forms a leading element. This name 
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is applied to a group of transverse Spirifers, the fold and sinus of 
which show a definite mode of costation and which in China is 
represented by numerous mutations referred to collectively as Sp. 
chinensis (Fig. 110). Appearing in the late Middle Devonian (Give- 
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Fig. 109, Paleogeographic map of Asia, showing the probable extent of land 
and sea (black) in early Upper Devonian (Frasnian) time, and the 
principal geosynclines of the epoch. 


tian) in association with Stringocephalus in Belgium, and developing 
numerous mutations, this specific group quickly spread over Europe 
and Asia. Associated with it was the shorter thicker Sp. archiaci (Fig 
111) with high hinge area, and, in the west European region, 
Cyrtiopsis murchisonianus. Almost everywhere too, the earlier beds 
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are characterized by the robust Hypothyridina cuboides (Fig. 112) which 
is another characteristic and wide-spread species. Corals too, are not 
uncommon in this horizon and in some ‘sections, as in Poland 
(Kielce), they form reefs. The most abundantly represented genera 
are compound Cyathophyllides, especially —Phillipsastrea and Pachy- 
: phyllum, forms which have 
' direct ancestors in the Middle 
Devonian. 
We are able to trace the 
pathway.of migration of the 


Frasnian fauna across south- 


Fig. 110. Spirifer chinensis Grabau. Mut. 06 
Upper Devonian of China. 


: ern Asia, from its known 
occurrences at a number of localities. Thus it has been reported from 


rocks on the Bosphorus, and from deposits which enter into the 
structure of the Anti-Taurus range in southern Asia Minor. . (Penecke 
57). It is also reported from the Giaur Dagh in northern Syria. 
Again it is known from strata ex- 
posed in the gorge of the Araxes 
river near the conjunction of the 
Russian, Armenian, and Persian 
borders (14). In Persia itself, it 
has been found in the central 


‘Devonian (Frasnian). 


Elburz range, and near Teheran, some distance south of the Caspian 
Sea, near Asterabad éast of the southern end of this sea, (Frech 
and Arthaber 14), and in the Mashhed district (Reed 60). 
Finally it has been recorded from the Hindukush mountains in 
eastern Afghanistan, from eastern Ferghana, and elsewhere in central 
Asia. These occurrences will be noted more fully below. Upper 
Devonian has also been recorded from the central Tianshan and its 
presence is known in the Nan-Shan ranges, where in the Richthofen 


mountains Sp. anossofi, Sp. elegans, and Rhynchonella aliensis have 
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been obtained (Obrutschew). Its extensive development in the strata. 
which enter into the southern Tsingling folds of China, as well as its 
presence elsewhere in China, indicates that the Kwen-Lun-Nan:Shan 
geosyncline was in general the line of passage by which this fauna 
entered Chinese waters (Fig. 109). That it did not enter the Chinese 
basin by the southern or Himalayan geosyncline, which, as we have 
seen was the path-way of immigration of the Middle Devonian fauna, 
is shown by the total absence of the Frasnian or any other typical 
Upper Devonian fauna in the strata of the 
eastern Himalayas or of Burma, as well as by its 
incomplete development in Yunnan. 


The trans-Asiatic passageway along the 


Mongolian and Trans-Baikal geosynclines was 
likewise open, for we find this fauna well devel- 


ae ae Fig. 112. 
oped in the Altai region of southern Siberia and sypothyridina — cuboides 
Frontyiew. Upper Devyo- 
nian (Frasnian). 


it has again been obtained from a series of alter- 
nating shale and limestone beds exposed on the 
southern coast of Ayan Bay in the sea of Okhotsk (Diener 4). In 
these beds Spirifer verneuili, and Spirifer mesacostalis were found 
associated with indeterminable species of Athyris, and Orthis, and of 
trilobites (Proetus) and gastropods (Phanerotinus, Euomphalus etc.) . 
Direct connection with Pacific waters 
is indicated by the finding by Gottsche, 
of a specimen of Spirifer vernewili in 
the province of Ise in Japan- 


Finally the connection with the 


Vig. 113, 
Productella subuculeata Murch. late northern sea, approximately as shown 
Middle and early Upper Devonian. 


upon the map (Fig. 109), is indicated 
by the discovery on the New Siberian Islands, of strata carrying a 
brachiopod fauna of Upper Devonian aspect (von Toll, 72). 
According to provisional determinations, the fauna includes a mixture 
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- of Buropean (Spirifer elegans, Sp. anossofi) and west American forms 
(Spirifer whitneyi, Schizophoria iowensis, Productella hallana, etc.). 

The presence of this Hur-Asian fauna in the ‘Dakota Sea’? 

of western North America has already been referred to, and we have 
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Fig. 114. Paleogeographic map of Asia, showing the probable distribution of 
land and sea (black) in later Upper Devonian (Famennian) time. 


seen that Hypothyridina cuboides reached what is now central New 
York (Tully limestone), while the fauna as a whole is widely dis- 
tributed from Alaska to Iowa, extending southward into Nevada etc. 
From its relationship to Chinese geology this transgression of 
the sea across Asia at the beginning of Frasnian time, may be called 
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the Nanshan transgression, in contra-distinction to the earlier Kwen- 
Lun transgression of Bogdanowitsch which passed China by on the 
north, though reaching it through the southern passage (Himalayan 
geosyncline) . \ 

CHAUTAUQUAN OR FAMENNIAN Epocg. The final epoch of the 
Upper Devonian, the Chautauquan of America or the Famennian of 
Europe, began after the expansion of the epeiric seas had come to an 
end, and a negative movement was inaugurated by the rising of the 
old-lands, and the consequent wide distribution of the sands and muds 
brought by the rejuvenated rivers from these rising land masses. Be- 
cause of the prevalence of semi-arid climatic conditions, these sands 
were thoroughly oxidized, as are those of the Yangtze and Huang-ho of 
China today, and just as these delta deposits are pushing back the sea- 
margin today, so in Devonian times the great yellow delta plains of 
eastern North America and western Europe pushed back the sea 
margins, the one to the west, the other to the east (Map, Fig. 114). 


These sands are no longer yellow, because in the course of time the 


iron hydrate which gave them that color, has lost its water, and be- 
come a red oxide of iron. Consequently these strata are red-beds 
today. 

In North America, these continental beds are known as the 
Catskill sandstones. They have their maximum thickness (5000 feet 
or more) in the Appalachian trough, thinning away westward by the 
failure of their lower members, which are however replaced by marine 
shales and sands, these constituting the contemporaneous Chemung 
formation. This relationship is known as replacing overlap, the con- 
tinental beds gradually and progressively replacing the marine beds 
(Grabau 15). The two series are thus separated by a diagonal 
line as shown in the following diagram (lig. 115), where it is seen 


that the marine Chemung beds are present in full force in the west, 


while the continental beds are alone present in the east. Between the 


- 


The Devonian System — 178 


two localities a varying thickness of marine beds is overlain by con- 


tinenta] beds, the thickness of which varies in the opposite direction. 


c 3 A 


Fig. 115. Diagram illustrating the phenomenon of replacing overlap. The conti- 
nental beds on the east progressively push back the marine beds on 
the west, overlapping and replacing them. At O, the beds are all 
marine, at A, all non-marine. At B, the lower half is marine, the 
upper half non-marine, 


The Chemung fauna of North America is primarily a deriva- 
tive of the Ithaca fauna of the preceding epoch, as shown by J. M. 
Clarke, but with additions from the Frasnian elements of Europe 
which occupied the western or Dakotan sea of North America. The 
most significant of these new elements is Spirifer disjwnctus which, with 
its own series of mutations, represents a further modification of S. 
verneuilt of Europe. 

This was a period of contracting seas and shoaling waters 
over central North America and of wide-spread deposition of terri- 
genous clastics. These were partly derived from the old-land of. 
Appalachia, partly from the low-lands on the south (Mississippia), 
where slow disintegration was in progress. These latter deposits were 
chiefly black muds, and they have become an important source of 
petroleum and natural gas in North America. The connecting passage 
between the central North American sea and the Boreal region, along 
which migrated the Intumescens fauna in the preceding epoch, was 
now closed by elevation and continental deposits, and after a while 
the Atlantic passageway was also closed by extensive deposits of 
subaérial sands, so that the interior sea became eventually a nearly 
isolated body with connections only with the western or Dakotan sea, 
in which the Eur-Asian fauna continued to flourish to the last. The 
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Boreal sea on the other hand seems to have contracted into a nearly, 
if not quite, enclosed mediterranean type of sea, in which a new fauna 
was slowly developing under the fostering conditions of isolation 


- (Fig. 116), this fauna reappearing later in Nort: America as the early 


Mississippian fauna. 
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Fig. 116 {aleogeographic map of the present north polar regions, showing the 
marine basins (black) which probably existed there in late Upper 
Devonian (Hamennian-Chautauquan) time and the routes of migration 
of the faunas between Asia and America, 

If we now return to Europe, we find that the Famennian or 
latest Upper Devonian period was also one of contracting seas. The 
Russian platform began to re-emerge by the extension of the great 
sand deltas which were washed by the rivers from the Fennoscandian 
portion of the old-land of Atlantica. This formed a deposit essentially 
similar to that which characterized the early Middle Deyonian (Life- 
lian ) epoch, and like that, enclosed the remains of fishes (Holoptychius 
nobilissimus, Bothriolepis, Dendrodus, COricodus, Coccosteus, etc.) 
which, moreover, are mostly identical with the species found in the 
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upper Old Red Sandstone of Great Britain, a contemporary deposit of 
this type. These continental sandy deposits of the Upper Devonian 
now constitute the Upper Baltic sandstone (Fig. 114). 

These deposits probably had the same replacing relation to 
the marine series that is found to exist between the Catskill and 
Chemung. The marine Famennian continued in the Uralian geosyn- 
cline, being found in the Urals as far south as Orenburg, It is highly 
probable that this southern end of the geosyncline was connected by a 
water-way with the west European basin, as in shown by the similarity 
of part of the Famennian fauna of the Ural region to that of west 
Europe. The same continental types of deposits represent the Upper 
Devonian on Bear Island, between Scandinavia and Spitzbergen. On 
this much eroded fault-block-remnant of the old Arctic land mass, 
the marine Hecklahook formation (Black-River Ordovician and pro- 
bably somo early Silurian) is unconformably overlain by the Ursa 
sandstone which begins with a basal conglomerate, and higher up 
encloses black shales and even a coal bed 1 meter thick. The sand- 
stones enclose remains of Holoptychius, and carry the remnants of a 
rich flora, most frequent among which are those of Archxopteris hiber- 
nica and A. fimbriata Nath., Bothrodendron kiltorkense Haughton, and 
Pseudobornia ursina Nath. After further folding and erosion during 
Dinantian time, these beds were unconformably succeeded by Mosco- 
vian and Uralian marine beds. 

In Spitzbergen two phases of the Old Red Sandstone are 
represented, an earlier with Pieraspis and Cephalaspis and a younger, 
more shaly series with Holoptychius. The Ursa flora is not found. 
In some beds, however, (Grey Hook), molluskan remains have been 
found (Avicula, Nathorstella, Paleanodonta) which are probably 
brackish-water types, and indicate ithe nearness of the Boreal sea. 
Similar upper Old Red Sandstones with Holoptychius nobilissimus and 
Asterolepis are found on the east coast of Greenland, while on Elles- 
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mereland, marine beds with Sp. verneuili are followed by continental 
beds with Holoptychius and plant remains (Lyginodendron sverdrupi, 
Archzopteris archetypus, A. fissilis, Sphenopteridium keilhavt) . 


That the contraction of the seas was also felt within the west 
European basins, is shown by the succession in the Namur basin of 
Belgium, where marine Frasnian is followed by the micaceous Condroz 
sands, alternating with red and green clays. Marine beds with shells 
of Cucullxa, Agelacrinus and Dictyospongide, alternate with non- 
marine beds carrying plant remains (Achxopteris, Sphenopteris, Lepi- 
dodendron) or fish remains (Holoptychius, Asterolepis, Dipterus). A 
similar character is seen farther west in Pas-de-Calais, France, where 
the Ferques limestone with a rich marine fauna of Frasnian type, is 
followed by the Condroz sandstone series. These sands were spread 
by rivers which flowed from the land surface which now forms the 


bottom of the North Sea. 


The marine phase of the highest Devonian (Famennian) of 
Europe still retains some features of the Frasnian, but new types have 
appeared, some of which are suggestive of Dinantian affinities. 
Among the characteristic species in the Famennian of the Ardennes, 
are Spirifer verneuili, Cyrtiopsis murchisonianus and many Rhyn- 
chonellas, especially R. omaliusi, R. acuminata, R. dumonti, and R. 
letiensis. Athyris roissyi and Orthotetes crenistria which, with R. 


acuminata, are characteristic of the Dinantian, also make their first 
appearance. 


Another and very distinct fauna is found in the Famennian 
beds of certain sections of western Europe. In the region east of the 
Rhine (Nassau, etc.) the basal beds are characterized by a new assem- 
blage of the goniatites not known from the lower beds. These are 
the elose-coiled Chiloceras (C. curvispina, C. vernewili. C. sacculus, 


C. acutus) and species of Tornoceras (7. planidorsatum, ‘1. acutwm 
pe P ly 
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T. haugi), Aganides precursor, ete. Succeeding beds are rich in 
species of Clymenias (Clymenia, Oxyclymenia Pseudoclymenia, Gonto- 
elymenia (Fig. 117), etc. 

This Clymenia fauna is widely distributed in the north 
European region, extending from Devonshire England and western 
France (Ministerre), south to the Pyrenees, and east along the Alps 
through Austria (Gratz), Silesia and Poland to the Russian border. 
It is also found to the north of the land- 
mass formed by the elevation of the 
Bohemian region, where Upper Devonian 
is unrepresented by marine beds. Between 
Poland and the southern Urals, no record 
of the existence of this fauna is known, 
but it is probably present in some of the 
beds now covered by younger formations. 
This is indicated by the fact that the 


Clymenia fauna is well developed in the 


rocks of the Ural geosyncline, and as Gee Pa eae ane 
southern Russia appears to be the only Upper Devonian (Famennian). 
possible line of connection, it is so in- peoreall province: 

dicated upon the map (Fig. 114). Thus the Clymenia fauna occupied 
the seas which lay along the periphery of the growing fan of river 
deposits that was spread from Atlantica over the Russian plain. The 
presence in the Ural geosyncline of this Clymenia fauna, which like 
its predecessor, the Intumescens fauna, was probably one primarily 
pelagic, suggests that it too originated in the Boreal realm, whence it 
spread mainly over northern Europe. It is, however, not unknown in 
North America, for in the Three Forks shales of Montana, within the 
Dakotan sea, its representative has been found (Raymond). Be- 
sides Platyclymenia americana, a close relative of Clymenia annulata 


of Europe, and P. polypleura, the fauna includes the goniatites Pro- 
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lobites simplex and Tornoceras (T. crebriseptum and T, douglasst), 
and a number of brachiopods, most common among which is Spirifer 
whitneyi. These late Devonian beds are disconformably succeeded by 
early Mississippian (Louisiana) sandstones, followed in turn by the 
great Madison limestone, also uf Mississippian age. This fauna is 
unknown from central and eastern North America. 

If then the Clymenia fauna originated in the Boreal sea, we 
can readily understand that some such conditions as those depicted on 
the paleogeographic map (Fig. 116) were responsible for the unequal 
migrations. If it did not originate in the Boreal sea, it must have been 
of Atlantic origin, as suggested by Schuchert. In that case it migrated 
across Europe through the Ural geosyncline, and through the Boreal 
sea into the American waters. As we have seen, however, the Atlantic 
connection was still in force in Chemung time, and yet Clymenia is 
unknown in these deposits, which would hardly have been the case 
had it been an Atlantic pelagic form. On the other hand, the fine 
development of the Clymenia fauna at Beni-Abbas in the Oran Sahara 
of north Africa, might indicate that it belonged to the Atlantic fauna. 
Though more than 1,500 km. removed from the nearest locality in 
Europe, that of Montagne Noire in southern Franee, the association 
of species is exactly the same as in the classical Huropean localities. 
With the exception of this north African occurrence, the Clymenia 
fauna seems to be unknown in the southern water-way, nor is it 
known from any deposits in Asia. Apparently migration in that 
direction was prevented in some way, though future discoveries may 
show its actual presence in Asia. Possibly the vigorously developing 
Chinese Devonian fauna, produced antagonistic elements, which kept 
out the European migrants. For, under the fostering influence of 
isolation, there was produced in China a great series of new mutations, 
which then wandered into extra-Chinese waters, and gave the tone to 


the Asiatic Upper Devonian fauna. 
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AstA Minor. Upper Devonian is well developed in southern 
Asia Minor, being the chief representative of the Devonian in the 
Antitaurus, though some Middle Devonian may also occur (Penecke 
57, Broili 5). At Hadjin (Hadschin), corals are well represented, 
including the genera Thamnophyllum, Cyathophyllum (C. cespitosum 
Goldf., C. minus Roem., C. darwini Frech, C. marmini E. & H., C. 
sedgwickt H, & H.), Phillipsastrea, Darwinia, THavosites, Pachypora 
(P. cristata Blum., P. reticulata Blainy.), Striatopora (S. subequalis 
HE. & H., S. vermicularis McCoy), and Cenites. Among the brachio- 
pods such characteristic forms as Schizophoria striatula, Spirifer dis- 
junctus, S. archiaci, Atryppa reticularis, A. aspera, Hypothyridina 
cuboides, and Rhynchonella pleurodon are noted. 

Persta. In northern Persia the upper Devonian is represent- 
ed near Teheran and Asterabad by beds carrying a west European 
fauna, Aside from the trilobite Crypheus supradevonicus and the 
pteropod Tentaculites tretziz, the fauna consists of brachiopods including 
Productus fallax, Liorhynchus crenulatus, Rhynchonella letiensis, R. 
gouthiert, Spircfer verneuili, S. archiact, and S. anossofi. The beds 
underlie the Carboniferous concordantly. While some of the most 
typical Famennian species of the Ardennes are here present, the 
occurrence of the Frasnian Sp. archiaci and the Givetian Sp. anossofi 
suggest an earlier Upper Devonian horizon (Frech & Arthaber 14). 

From the Mashhad (Meshhed?) district farther southeast, 
more especially the hills near Raband, Reed (60 b) has described 
a fauna which.includes the coral Cyathophyllum cf. hexagonwm Gold., 
and the brachiopods Spirifer verneuili var. persica Reed, Stropheo- 
donta interstrialis Phill,, Strophalosia? sp., and Rhynchonella sp. 

AFGHANISTAN AND THE WesteRN Himavayas. The Frasnian — 
fauna has been obtained at a number of localities in eastern Afghanistan 
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and the western Himalayas. It is best known from Chitral in the 


Hindukush range, and the geological occurrence there has been dis- 
cussed by Hayden (21), while the fossils themselves have been 
described by Reed (61). The Chitral region (lat. 35° 48’ N. long. 
71° 46’ KE.) comprises several localities, the two most important 
being Shugram and Koragh. The fauna consists chiefly of corals, 
bryozans, brachiopods and pelecypods. The corals include many 
Cyathophylloids, among them a variety of the characteristic European 
C. torquatum Schliiter (var. orientalis), C. cylindricum Schulz., C. 
(Thamnophyllum) trigeminum Quenst., C. (7) multizonatum Reed 


C. (Phacellophyllum) cespitosum Goldf. and C. 


(a new form), 
Also a Phyllipsastrea 


(Hexagoniophyllum) sedgwicki (E. & H.). 
(P. monticola Reed). The Aseptata are represented by Pachypora 
(P. cristata Blumenb., and a variety, and P. polymorpha Goldf.), and 
by varieties of typical European species of Striatopora (S. devonica 


Schliiter, and S. angulosa Giirich). A variety of Alveolites subor- 


bicularis Lam. and species of Plagiopora and Thecostegites complete 
the list. 


Among the brachiopods, the following may be especially 

noted as characteristic forms of the European Frasnian. Craniella 
obsoleta, Stropheodonta dutertrii, Athyris pushiana, and the Spirifers. 
Among the latter S. verneuili, S. archiaci, and 8. bifidus are very 
characteristic, while the related Cyrtiopsis murchisonianus (de Kon- 
inck) is abundantly represented by numerous varieties. Other charac- 


teristic fossils are Aviculopecten ingrix and Spirorbis omphalodes. 


This fauna has many characters in common with that de- 
scribed by Tschernyschew from the western slopes of the Urals (Stage 
D,) and by Perna from the eastern Urals. The fauna is however 
equally characteristic of western European Frasnian beds, especially 


of the Iberg limestone of the Harz. 
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There seems to be no reason for considering the existence of © 
a direct connection with the Ural region, that indicated on the map 
(Fig. 114), across Persia, being ample to account for the presence of 
this fauna in central Asia, and in view of its wide distribution, in the 
Urals as well. 

From a locality at the west foot of the Hajigak Kotal in 
Afghanistan, Hayden (21 & 22) has obtained a small Upper 
Devonian fauna of the same type. This comprises corals: Cyathophyl- 
lum cf. hypocrateriforme Goldf., and Striatopora sp. and the brachio- 
pods Spirifer archiaci Murch. Hypothyridina cuboides (Sow.) (Fig. 
112), Camarotechia cf. amaliusi Goss., Productella subaculeata Murch. 
(Fig. 118), Strophalosia productoides Murch., and Stropheodonta 
interstrialis Phill.? 

From three localities in the western Himalayas, Reed (60) 
has described Upper Devonian fossils of this type. These localities 
are Byans (lat. 30° 17’ N., long. 180° 50’ E.), Kanaur (Kanauar) 
lat. 32° N., long. 77° E.), and Upper Spiti (lat. 32° 10’ N., long. 
78° E.), all close to the Chinese (Tibetan) border or even within it. 
The species are mostly brachiopods, including Atrypa desquamata 
(Sow.), A. aspera Schloth., Pentamerus ef. sublinguifer Maurer, 
Camarophoria cf. phillipst Day., Wilsonia ef. omega Whidb., Orthis 
aff. bistriata Tschern., Orthotetes aff. crenistria Phill., O. wmbraculum 
Schloth.? (from Spiti), Productella or Strophalosia sp. Other fossils 
include Pterinopecten or Aviculopecten sp., Orthoceras sp., Favosites cf. 
basaltica Goldf., a Cyathophylloid, and Idiostroma yulangensis Reed. 

TURKESTAN AND THE TIANSHAN RANGE. Upper Devonian 
fossils of Frasnian age have been described from several localities in 
Turkestan, as for example from eastern Ferghana, where one section 
of the great series cf Paleeozoic limestones before mentioned, comprise 
gray limestones with Upper Devonian brachiopods. These include 


Spirifer archiaci Murch., Dielasma sacculus Mart., Athyris concen- 
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tricus vy. Buch, etc. (Muschketow 51). Nalivkin (58a) also listed 
many Upper Devonian species from Ferghana, including sgéveral 
species found at Chitral. He also listed Spirifer verneuili, S. archiact, 
S. tenticulum, and Rhynchonella letiensis, from the Pamirs, 

Von Weber (74) has described Upper as well as Lower 
Devonian from Turkestan, the former with Spirifer vernewili. Pre- 
viously Romanowsky (V, 26) has described Devonian fossils from 
Turkestan, including the characteristic Upper Devonian Spirifers 
(S, archiaci, 8. verneuili, ete.), and other forms, several of them new. 

From the neighborhood of Djitim-tau near the Djakbolot 
Pass, in the Middle Tiaushan range, Valdasz (73) has described 
the following species of Upper Devonian fossils, collected by Dr. 
Gyula Prinz in 1906. Spirifer verneuili Murch., Rhynchonella omaliusi 
Goss., R. boloniensis d’Orb., R. guilliert Oehl. Finally from Gou- 
chouc in western Tibet, Desmazures (8) has described a Frasnian 
fauna comprising Hypothyridina cuboides, Pugnax pugnus?, and 
Atrypa reticularis. These and the Tianshan deposits may be consid- 
ered as representative of the Upper Devonian of the extreme west of 
Greater China. 

Kireu Steppes. In the Kirghiz steppes of Siberia and in 
the Government of Tomsk and the southern part of the Government 
of Yeniseisk, Devonian rocks are widely distributed. In the Kirghiz 
Steppes, Upper Devonian rocks are strongly developed in the southern 
part of the Akmolinsk province, and within the boundaries of the 
districts of Akmolinsk and Pavlodar of the Semipalatinsk province. 
On the west the deposits are bordered by the river Ishim whence they- 
spread in an easterly direction to the basins of the Chiderta and 
Ulenta, and reach the Irtysh as scattered insular areas. 

The strata consist in the main of quartzites, metamorphic 
schists, and red and gray sandstones and conglomerates: The devel- 
opment of limestones is comparatively weak. The quartzites and 
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metamorphic schist may represent early Middle or possible Lower 
Devonian. Middle Devonian limestones also occur, and have already 
been noted. The Upper Devonian includes dark gray argillaceous, 
sometimes sandy, compact limestones, with the following brachiopods: 
Productus subaculeatus Murch., P. cf. prxlongus Sow; P. ef. dissimilis 
de Kon., Strophalosia productoides Murch., Chonetes nana Vern., 
Orthis interlineata Sow., Schizophoria striatula Schl., Spirifer verneutli 
Murch., S. archzact Murch., S. ef.-mesacostalis Hall, Athyris concen- 
trica v. Buch, Cyrtiopsis mwurchisoniana (de Kon.) and Camarotechia 
pleurodon Phill. Limestones with Goniatites ct. lifer Sow., and Pro- 
lecanttes astaticus Karpinsky, also occur. 

In the Government of Tomsk the Upper Devonian strata, 
exposed on the banks of the Tomi near Tomsk ete., are very similar to 
those of the Kirghiz Steppes. Most extensively developed, especially 
in the latter region are the red sandstones and conglomerates, which 
have a great thickness, and are evidently of continental origin. (For 
further details see Krasnopolsky 32, 83, and Bodgdanowitch 8). 


Early Upper Devonian from the Pamivs. 


On the left bank of the Ak Baital river, on the north side of 
the Pamir Plateau, there is exposed a dark gray compact limestone, 
underlain by carbonaceous shales with thin courses of limestone, and 
occasional bands of sandstone. Both limestone and sandstone courses 
are full of brachiopods, over a thickness of 60 to 70 feet. Underlying 
these beds are coarsely pisolitic limestones, with pisolites up to 15 
mm. in diameter. They contain small Rhynchonellide, and are 
associated with hard compact limestone with silicified corals (Hayden 
22). The fossils of the brachiopod-bearing keds form a remarkable 
assemblage (Reed 61), in which Camarotechia battalensis and its 
varieties predominate, forms having closely allied, if not identical 
representatives in Persia, Europe and America. Many other species 
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of American affinities are present in this assemblage, including Pro- 
ductella arctostriata Hall, P. hirsuta Hall, P. lachrymosa Hall var. 
lima Conr., and var. stigmata Hall, Strophalosia truncata Hall, and 
S. muricata Hall, while American species of Camarotechia, Camaro- 
phoria, and Ambocwlia are represented by closely allied new species. 
One of the most abundant and characteristic species is Spirifer pamt- 
ricus, a type closely related to, and probably derived from, S. anossofi 

of the Middle Devonian of the northern region. Indeed the relation- 
ship of this fauna to that of the Boreal province is much closer, than 
it is to that of west Europe, many species found in the Urals being 
present, while the typical west European forms are absent. Corals 
also are practically absent, and the fauna is entirely distinct from that 
of the Frasnian beds of neighboring districts in Turkestan or Afghan- 
istan. It must be regarded as an earlier fauna invading this region 
while the connection with the Boreal region was still open (See map 
Fig. 104 p. 160). It thus probably represents the passage from Middle 
to Upper Devonian. 


The Wetwin Shales of Burma. 


In the Northern Shan States of Burma, near the village of 
Wetwin (lat. 22° 6’, long. 96° 88’), occurs a series of fine-grained 
yellow and gray shales resembling hardened fullers earth. They are 
not found in contact with the Hifelian beds of the Padaukpin region, 
but La Touche suggests that they appear to pass beneath them, from 
the direction of the strike, though this may be due to disturbance by 
faulting. The fauna of these shales (Reed 59) has nothing in 
common with that of the Middle Devonian limestones of the region, 
consisting chiefly of brachiopods (Lingula, Chonetes, Camarotachia) 
and pelecypods, with the genera Nucula, Palxoneilo and Paracyelas 
predominating, but also including species of Ontaria?, Precardiwm? 
Prothyris, Phthonia and Janeira, The gastropods are represented by 
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two species of Bellerophon. Cephalopods are absent, but the crusta- 
ceans are represented by a fragment of Phaxtonides related to an 
American Lower Devonian species, and by Echinocaris asiatica Reed, 
similar to an American Hamilton species. There are also somo 
remains of fishes. Reed points out the presence in the fauna of many 
American elements, these being more marked here than in the 
Padaukpin fauna. Some of the American forms are allied to, or 
perhaps identical with, members of the American Naples fauna, 
though Mantzcoceras intwmescens is absent. If this fauna is an early 
Upper Devonian fauna, representing the Boreal Intumescens fauna, it 
is difficult to determine its connection with the basins in which that 
fauna flourished, for it is unknown everywhere else on the Asiatic 
continent, where the early Upper Devonian faunas are of the Frasnian 
type. It.may however be a local fauna, developed in early Upper 
Devonian time from survivors of the Mid-Devonian fauna in the 
extreme south-western part of the Chinese basin (see map, Fig. 109 
p. 168) ‘and the resemblance to the American fauna may be more 
apparent than real. Tho presence in these shales of Uchinocaris, a 
form characteristic of brackish if not fresh (river) waters in Devonian 
time, as well as the presence of fish remains, animals still confined to 


the rivers in Devonian time, indicates that this was probably an 


.. estuarine region with unfavorable conditions of existence for marine 


faunas. This might still have been the case, if the fauna is found to 
be of early Middle Devonian age, the beds in which it occurs under- 
lying the Padaukpin limestone; in that case it would represent a 
parallel to the American Marcellus fauna. (Grabau 18). .At pre- 


sent this fauna must bé considered one of the Devonian anomalies 
of the Asiatic continent. 
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Revised Classification Deprats Classification 
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Fig. 118. Generalized Columnar section of the Devonian strata of eastern 
Yunnan. (Modified after Deprat). 0, Silurian’ (Miaokaoshan) 1-16, 
Middle Devonian including probably the Tzuifengshan series in 1; 17-18, 
Upper Devonian (For details of formations see Fig. 119,) 
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THe Drvonran oF Cnina, 


Devonian strata are well developed in China and their fossils 
are, ag a rule, well preserved. Only Middle and Upper Devonian 
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Fig. 119, Cross-section of the Devonian strata from the valley of the Tie-Tchen-ho 
to the limestone ridges of Ta-pin-pou, East Yunnan. (Modified after 
J. Deprat.). o. Silurian and-older; 1-5 Lower Marty-series of Middle 
Devonian, with perhaps some continental Lower Devonian; 1, marls and 
sandstones (continental) with Entomis; 2, limestone with Sprrifer cf. nudus; 
8, marl with Athyrisina plicata, etc; 4, limestone with Spirifer cf. jouberti; 
5, sandstone with Actinopteria deprati and Zentaculites. 6-8, Posnt GRouP; 
6, shaly limestone. with corais; 7, shaly limestone with Calceola; 8, marly 
limestone with corals and{brachiopods. 9-16, Kutsine Group; 9, limestone 
with Atrypa aspera; 10, 11, limestone and marly limestones with Stringoce- 
phalus burtini; (9-11, Kuahsinshan beds) ; 12, limestone with Hypothyridina 
procuboides; 18, marls with Strophalosia productoides;..14, marls with 
Reticularia undifera; 15, rosy limestone; 16, white crinoidal limestone with 
Reticularia maureri, and Pugnax pugnus. 17, 18,.TAurirr Group, Upper 
Devonian; 17, gray limestone with Spirifer chinensis var. yunnanensis; 18, 
marly limestone with Spirifer tenticulum var. quadrangularis and corals; 19, 
igneous rock faulted against sediments. 


marine strata are known from China, the marine Lower Devonian 
being entirely absent, though represented by continental strata which 
carry a few plant remains (Arthrostigma). In the Kitsing region 
the Jower part of the Upper Silurian Miaokaoshan group, with Spirifer 
tingt, S. bourgeoisi (erroneously referred to on p. 126 as occurring in 
the Lower Silurian Mientien group) and other fossils, passes upward 
into sandy beds with Ceratiocaris, Leperditia, and fish remains, the 
whole series having a thickness of some 400 meters. This is succeeded 
with apparent conformity by the shales and sandstones of the TzuI- 
FENGSHAN SeRtEs of red and gray sandstones and shales. which: also. 
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contain fish-remains while the upper beds are characterized by 
Arthrostigma gracile Daws. This plant, according to Halle, indicates 
Lower Devonian age. These beds are followed by Middle Devonian 
strata. The subdivisions now recognized are as follows: 
Subdivisions of the Devonian of China. 
III Upper DEvoNIAN on TSINGLINGIAN 


6 Hanchung formation 
5 Tahiti formation (East Yunnan) 


II Muipprie DEVONIAN oR YUNNANIAN 

C. Kiitsing Group (Kitsingian) 
4 Tungshan limestone 
3 Kuahsinshan beds, 

B. Poshi Group (Poshian) 
2 Huanglienpo beds (S. Szechuan) 
1 Calceola beds of Poshi (Probably equivalent of 

preceding) 


A. Lowest sandy and marly Series (in part). 
[ Lower Devontan.—Tzuifengshan Group. (Continental) 


MIDDLE DEVONIAN OR YUNNANIAN. 


(See Sections, Figs. 118-120) 

Tas Lower Series. The sandy and marly series at the base 
of the section has been referred by Deprat and Mansuy to the Lower 
Devonian. ‘This was done because of-the presence in those beds, of a 
shell referred by Mansuy to Sieberella sieberi var. rectifrons, a 
characteristic Lower Devonian fossil of Kurope, and one of Spirifer 
jouberti; a species-also found in the Lower Devonian of Franco. The 
first of these forms is however so poorly preserved, being known only 
from a single crushed impression, that identification is extremely 
doubtful, while the sécond is only tentatively referred to the European 
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tact with Upper Carboniferous limestone: 1-11, 


Localities which have furnished Dinantian fossils 


Species, Mansuy himself considering the 
identification as doubtful. All the other 
Species found in association with these 
two shells have Middle Devonian affini- 
ties. In view of the extent of the Lower 
Devonian, as previously outlined, we are 
warranted in relegating all except the 
basal division to the Middle rather than 
the Lower Devonian. 

THE Posur Group. This is best 
developed in eastern Yunnan, where, at 
Poshi, it consists, according to Deprat, 
of calcareous shales and limestones 
abounding in corals, among which the 
characteristic form of the lower Middle 
Devonian of west Europe, the peculiar 
Calceola sandalina (Fig. 99) deserves 
special mention. Besides this form, there 
are many other corals, the genera Cyatho- 
phyllum (Fig. 121), Cysttphyllum, Favo- 
sites (Fig. 122) and Alveolites, being 
especially well represented. Essentially 
the same horizon has been observed by 
Loezy at Huang-lien-po (Hoaling-pu) in 
southern Szechuan, where it is represented 
by the Huanglienpo series, which consists 
of dark limestone, alternating with shales, 
and is of no great thickness. It rests dis- 
conformably upon pre-Devonian rocks 
(Silurian), and is coyered by red sand- 
stone of Mesozoic age. 
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Asociated with the corals in this limestone are many brach- 
iopods including Camarophoria sutshuanensis Loczy (Fig. 123), 
Chonetes orientalis (Fig. 124), Gypidula loczyi Grabau (Fig. 125), 
Camarotechia elliptica var. sinensis Grabau (Fig. 126), Cryptonella 


whidbornit Davids. (Fig. 127), and species of Spirifer and other 
genera. A remarkable fact is, that 


none of these species of brachio- 
pods have been found in the 
Kiitsing area in eastern Yunnan, 
and this suggests that the horizon 
is lower than anything there found. 


Fig. 121a, Cyathophyllum “loceyi Frech. « 
Section, Middle Devonian Sze. What is probably the same 
chuan. horizon, was found by Loezy in 


the gorge of the Pei-Shui-Kiang (Paj-sui-king) in southern Kansu. 
Here the fossil-bearing beds, are bituminous, dolomitic and marly 
limestones, which rest upon limonitic 
guartz-sandstone, with intercalated 
shales. The age of this sandstone is 
unknown but may be Silurian. This 
early Middle Devonian horizon with 
corals, also occurs.in some sections in 
north Szechuan, these northern occur- 
rences marking the first transgression 
of the Middle Deyonian sea from the 
south into the Tsingling geosyncline. 
The occurrence of this early Middle Fig. 121b, Cyathophyllum loceyi Frech. 
Devonian fauna in the Padaukpin beds A corallite enlarged. 

_ of the Northern Shan States of Burma, shows that the path by which 
these faunas entered China, has been along the Himalayan geosycline, 
to the south of the Tibetan land mass, (See the Paleogeographic map, 
Fig. 101. p. 156). 


® 
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It is probable that beds belonging to this lower division of 
the Middle Devonian occur in the Kiitsing region in eastern Yun- 
nan, but they have not 
been identified. Middle 
Devonian beds rest dis- 
conformably upon the 
Upper Silurian (Jiao- 
kaoshan limestone) or on 


continental Lower Deyo- 


nian (Tzvifengshan beds) , 

chuan. Rae en 

thus indicating an east- 

ward transgression of the sea, and overlap over the older beds of the 

more westerly region. _ : 
Tus Kirstne Group. This 


is well developed throughout 


unnan, and probab- ‘ / 
eastern mi ; P Fig. 123. Camarophoria sutshuanensis Loczy. 


ly extends to eastern. Middle Devonian, Szechuan. 
Kwangsi and southern Hunan. 
The lower beds are limestones and_ shales, 


and carry small species of Orthis (Rhipidomella 
kiitzingense Grabau) , and Athyris vittata Hall, and 


aie 124. varieties (Fig. 128), and apparently also Athyrt- 
Chonetes orientalis sina plicata (Mansuy)and varieties, and the remark- 
Loezy. Middle Devo- ; 
nian Szechuan. x1}. able Chinese species Yunnanella synplicata Grabau, 


allied to Y. hanburit (Fig. 187). The transgression appears to have 
extended eastward to the Nanning region of southern Kwangsi, where 


Wie.4125.— Gypidula locayt Grabau. Middle} Devonian,‘Szechuan ; x14. 
beds with a similar fauna rest7upon the Miaokaoshan limestone with 
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Spirifer tingi. (Upper Silurian or Monroan) . 

Tn the Lu-Chuan-Hsien district north of Yunnan-fu, the lower por- 
tion forms the 
Kuahsinshan 


beds, which are 


especially char- 
Fig. 126. Camarotechia elliptica var. sinensis Grabau; Middle acterized by 

Devonian, Szechuan. Stringocepha- 
lus burtint (Fig. 108, p. 159), the fossil most characteristic of the 
upper Middle Devonian (Givetian) of western Europe, and which 
is known from other regions in Asia, 


and from western North America as well. 


A more robust species Stringocephalus- 
obesus Grabau (Fig. 129) occurs in the Pig. 127. Cryptonella whidbornix 
Tungshan limestone. The most wide- ba anaes Bor 
‘spread species of the Kuahsinshan beds 

is the small smooth Spiriferoid — 
Emanuella takwanensis (Kayser) 
(Fig. 180), while the Tungshan 
limestone is especially charac- 
terized by species of Meristella, 
(Fig. 181) and by Schizophoria 
(8 species) (Fig. 182), and 
Atrypa auriculata Hayasaka. 
(Mansuy V, 10; Yabe and Haya- 
saka, IV, 389; Grabau 19). 
From beds of this, or a lower 


Fig. 128. Athyris vittata Hall: a-b, typical horizon, Frech obtained a speci- 


form; ¢c-e, var. antecedens Grabau; j : 
fro, var. intermedia Grabau; Middle men “of  Gypidula  calceola 


D i » te. 
evonian, Yunnan e (Frech) (Fig. 188), the charac- 


ters of which suggest Steberella siebert of the Lower Devonian. 
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UPPER DEVONIAN OR TSINGLINGIAN. 


Tahiti Formation. Beds of Upper’ Devonian age ere more 


wide-spread than those of Middle Devonian age. In eastern Yunnan 


athe 
WS 
SS 
> 
— 


Wats 


ZOU 


ay ape? 


Ss 
WY 


AN, 


‘ 


m7) 

WZ “ig 
ty 

ZAZ g 


Fig. 129. Stringocephalus obesus Grabau. Middle Devonian, Yunnan. 


(Tahiti region) they are represented by the Tuhiti limestone, which 
is characterized by corals and brachiopods, many of the latter still 
having Middle Devonian affinities, The most dis- 
tinctive of the brachiopods are: various species of 
Camarotoechia and Atrypa, Pugnax pugnus (Mar- 


tin) (Wig. 184), Spirifer chinensis var. ywnnanensis 


(Mans.), and Spirifer triplisinosus Grabau. 


Fig. 120, 
Emanuella ta’-wanensis 


These beds are absent in the Kiitsing region, 
(Kayser); Middle Devo- farther east in Yunnan, having either never been 
nian Yunnan, ete. X1}, A 3 4 : 
deposited or, what is more likely, having been 
eroded before deposition of 


the Carboniferous beds. 


Hanchung Formation, 


The highest Devonian strata 


are represented by the Han- ee . 
Fig. 131. AMeristella kiitsingensis Grabau, Middle 


chung beds, These are typi- Devoninvevannete 
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cally exposed in a number of localities in the Hanchung district of 
southern Shensi, and in the adjoining district of southern Kansu and 
northern Szechuan. They 
are indeed most typical 
throughout the Tsingling 
geosyncline, resting so far 


as known, disconformably 
Fig. 132. Schizophoria excellens Grabau. Middle upon the Lower Silurian 

_ Devonian, Yunnan. i 
(Niagaran). They are 


Fig. 183. Gypidula calceola (Freeh) ; Middle Devonian, Yunnan. 
characterized by the very variable Spirifer chinensis, (Fig. 110) a 
modification of the Spirifer verneuili type of Europe, which in China 
has developed a large number of 
distinct mutations.*  Spirifer 
wangleight Grabau is another 
characteristic and striking fossil. 


With these are associated four 
Fig. 1384, Pugnax pugnus (Mart.); Upper 


species of the genus Cyrtiopsis 
Devonian., Yunnan, ete, 


Grabau (C. davidsont Gr. (Fig. 


*Wor descriptiin of these and the other Devonian brachiopods of China, see 
Palwontologia Sinica, series B, Vol. I, fascicle 2, 1924, These brachiopods ure sold in 
Chinese drug stores under the name Shih-yen (@H¥) or “Stone Swallows,’ and they are 
regarded as possvssiug medicinal qualities. = : 
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185), OC. shansiensis Gr., C. graciosa Gr. (Vig. 136), and C. transversa 
Gr. This genus, is also represented in western Europe by Cyrtiopsis 
maurchisoniana (de Kon.). 
Other characteristic forms of 
these beds are Yunnanella 
hanburti ( Davids.) (Fig. 137), 
and Productella  subaculeata 
Murch. (Fig. 113, p. 170), 
besides species of Shizophoria, 
te cae sa (Fig. 138),  Hypothyridina Civ grou aban, 
Grabau, Upper Deyo. (Figs. 139, 140), Atrypa (Fig. Upper Devonian. China. 


nian, central and 141) ete, 
south China. 


The Hanchung formation is traceable south- 
eastward into the border region of 
Hunan, Kwangtung and Kwangsi, © 


where, in an area covering the 


adjoining portions of these three 


Fig. 187. Yunnanella hanburit (Davidson), Provinces, it is always readily recog- 


Upper Devonian, central and nized by the distinctive character of 
south China. 


its fossils. So far as known, this 
forination rests, in 


this more southern 
‘region, with a dis- 
conformity upon 
Middle Devonian 
or older strata. 

It is a remark- 
able fact, that this 


fauna did not ex- Fig, 138. Schizophoria striatula. Upper Devonian, Kansu. 


tend westward to any great extend, for no undoubted representation 
of it has been found west of the Kweichow basin, in Yunnan and 


196 Stratigraphy of China 


southern Szechuan. It seems probable that this fauna entered the 
Chinese province to the north of the Tibetan island of the period (see 
map Fig. 109, p. 168) along the geosyncline now represented by the 


Kwenlun and Nanshan systems of ranges. 


Once having entered the basin, it quickly became modified 
into a large number of local mutations, so that the Upper Devonian 
fauna of China, even more than the Middle Devonian, bears the stamp 


_ of a local or provincial fauna. 


The Devonian is wholly absent from north- 
eastern and eastern China but it extends for a 


short distance south into Indo-China. 
DivoNEAN oF Inpo-CHINA. 


Devonian fossils have been described by 
Mansuy from Tonking, Annam and Laos, but 
the stratigraphic relations of these fossil-bearing 
beds is still very obscure, the earlier work of 
Deprat being subject to revision. Where recent 
work has been carried on in detail, Middle 


Devonian strata with Spirifer speciosus (Fig. 


100, p. 156), originally referred to the Silurian, 

Fig. 199. rest disconformably upon Ordovician or older 
Hypothyridina procu- 
boides (Kayser). Upper beds. 
Devonian,” Central “and A certain number of fossils has been des- 
South China. : 

eribed by Mansuy as related to, or identical with, 

species elsewhere known from the Lower Devonian. Thus from Pien- 
doe, in the That-Khé quadrangle of eastern Tonking, he obtained 
from shales Chonetes zuleri Mans., related to C. verneuili Barr. of the 
Konjepruss limestone, and Hipparionyx lantenoisi suggestive of H. 
proximus of the American Oriskany. Neither of these forms is well 


preserved, judging by the illustrations, and precise comparison with 
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the Konjepruss Chonetes is scarcely possible, while the Hipparionys, 
has only a distant similarily to the American form, in the flatness of 
one valve and the curving muscular ridges. The material is entirely 
insufficient to permit refer- 
ence to a Lower Devonian 
horizon, especially in the 


face of the known. facts 


regarding the distribution of 
Fig, 140. Hypothyridina parallelepipeda Broun the beds of this division. 

Upper Devonian, central China. Other species from ‘other 
localities regarded by Mansuy as related to Lower Devonian species, 
are equally indefinite and are, moreover, associated with forms re- 
ferred to a Middle Devonian horizon. 

The most wide-spread 
Devonian horizon of Indo- 
China is the lower Middle 
Devonian or Hifelian with 
Calceola sandalina (Fig. 99, 
p. 154) and Spirifer spe- 


ciosus (Fig. 100, p. 155), 
n Fig. 141. Alrypa desquamata, Sow. Upper Devo- 
The i e 

nian, central and south China. = 


as the leading fossils. 
latter was originally des- 

cribed as Spirifer tonkinensis by Mansuy and referred to the Silurian, 
but Frech recognized its affinity with the European S. spectosus of the 
Bifel beds, a correction subsequently adopted by Mansuy. The original _ 
S. tonkinensis may be regarded as a variety of S. speciosus. 

These Eifelian beds are best developed in the north-eastern 
part of Tonking (Yén-minh, Cao-bang, Ha-long, Pho-binh-gia, and 
That-khé quadrangles). Among other characteristic European species 
present in these beds are—Cambophyllum brancai:Frech, Spirifer 


aperturatus Schlotheim, S. wndiferus Roemer, Atrypa reticularis Linné, 
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A. aspera (Dalman), and others, besides many new species related to 


Furopean forms. 


Beds of Givetian age appear also to be present in Tonking 
though less well characterized. From south-western Tonking (Van- 
yén quadrangle) however, a fauna has been obtained which is remark- 
able, in that it carries pelecypods very closely related to, if not actually 
identical with species found in the Hamilton and Chemung beds of 
New York. Species thus identified by Mansuy are Mytilarca ( Pletho- 
mytilus) oviformis Hall, M. muongthensis Mans, Schizodus chemung- 
ensis Hall, Pteronites profundus Hall, and Gondophora spatulata Mans., 
related to G. hamiltonensis Hall. It must be confessed, that although 
these specimens are all more or less crushed, the resemblance to the 
American forms is so close as to be startling. The occurrence of these 
forms in America is such as to suggest that they formed elements of 
the Atlantic fauna, and it is certainly a most remarkable case of long 
migration with slight or no modifications, which these forms present, 
for they must have migrated entirely across Europe and southern 
Asia, entering the Chinese basin through the Iimalayan geosyncline. 
So far, no records’ of their occurrence along the route of migration 
appear to be known, but that these forms must occur elsewhere in 
Asia and in Europe, is certain, unless their remarkable similarity to 


the American forms is due to parallelism in development. 


No undoubted Upper Devonian has yet been discovered in 
Indo-China. 
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CHAPTER VII. 
THE DINANTIAN OR MISSISSIPPIAN SYSTEM. 


GENERAL GEOGRAPHIC RELATIONSHIPS. 


The great limestone series which in Britain lies between the 
Coal-measure beds and the Old Red Sandstone (Devonian), has long 
been known by the name of Carboniferous Limestone a name still 
employed in much of the literature. In some sections it was also 
designated ‘‘Mountain Limestone’’ because from its superior resistance 
to erosion it produced mountainous topography. It will be remem- 
bered that von Richthofen, during his travels in China, identified the 
great limestone series of north China, now known to be of Ordovician 
age, with the Carboniferous limestone (Kohlenkalk) or Mountain 
limestone (Bergkalk) of Europe, believing it to be continuous with 
the coal-bearing series which overlies it. ‘The Carboniferous Lime- 
stone is by far the most prominent Paleozoic limestone of west Europe 
where it is rich in organic remains. In England, where it sometimes 
attains a thickness of 4,000 feet or more, it generally rests discon- 
_formably or unconformably upon the older rocks, showing a trans- 
gressive relation, the successive beds overlapping north-westward 
against the old land of Atlantica; but in Belgium, where the thickness 
reaches 760 meters, the succession appears to be complete, the lowest 
members of the Dinantian resting upon the uppermost Devonian beds. 
It is from Dinant, on the Meuse river in Belgium, that the name 
Dinantian is derived, while the name Mississippian was given to the 
American formations of corresponding age, because of the fne 
exposures of these strata in the valley of the Mississippi River. 
Formerly these formations were called Subcarboniferous, and they are 
still frequently classed as Lower Carboniferous (Carbonifére Inférieur, 
Unter-Karbon). Both the European and the American designations 


are serviceable, since the seas in which the respective formations were 
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deposited, were essentially distinct, and for the most part had very 


little inter-communication, as may be briefly set forth. 
GENERAL CHARACTERS AND DEVELOPMENT. 


At the opening of Mississippian time, the interior sea of 
North America had reached its maximum contraction: the outlet to 
the Atlantic was probably closed, though this is not entirely certain. 
Nevertheless, the greater part of the Appalachian geosyncline was 
above sea-level, and into it great alluvial fans of sands and pebbles 
(Pocono conglomerates) were being built outward from the old land. 
Along the eastern margin of the interior sea extensive sand deposits, 
enclosing shallow-water organisms, were formed (Waverley group), 
while farther in the interior of the central sea, more calcareous 
sediments were forming. In this early epoch, the interior sea was 
very diversified and hence there were many local faunules which re- 
placed one another or occupied a more or Jess overlapping relationship. 
In the more open western waters however, the Cordilleran geosyncline, 
the deposits and faunas were more uniform, resulting in the formation 
of the great Madison limestone of western North America. The faunas 
of this limestone, together with those of some of the formations in the 
interior, show many affinities with the Devonian faunas which preceded _ 
them and from which they were in the main derived. The chief 
center of modification, as usual at this time, appears to have keen the 
circumscribed Boreal sea. There was, however, one faunal element of 
the American Mississippian that appears to have been wholly 
indigenous to the interior Mississippian sea; that was the wonderful 
crinoid fauna which has made the Burlington and Keokuk beds of 
North America famous throughout the world. Nowhere else is known 


such an abundance* and such wealth of variety of these organisms, 


* More than 400 species are known from these rocks. 
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nor do they seém to have had many survivors after the period of 
their riotous efflorescence. The genera are however, for the most 


part also present in the Tournaisian of western Europe. 


The southern border of the interior Mississippian sea of 
North America was still a low flat country, with sluggish rivers, as in 
Devonian time. Large areas of the low flat lands were covered by a 
residual deposit of deep black soil comparable to the modern black 
earth or ‘‘T'schernosem” of Russia (Grabau 11, p. 459). Over this flat 
country the sea transgressed slowly, entering first the estuaries and lower 
courses of the rivers and then spreading over the intervening lands. 
During this advance of the sea the black mud was in part reworked 
and incorporated as a basal bed in the series of deposits, or washed 
out to sea to form interbedded layers of black shale (Sunbury). In 
many sections it remained however, practically undisturbed, the 
successive deposits of the Mississippian sea overlapping one another 
against this basal black mud series, Thus this black mud, which 
today is a deep black bituminous shale (Chattanooga shale) occupies a 
rising position at the base of the overlapping Mississippian series. Its 
similarity to, and frequent downward continuity with the Devonian 


black shales has sometimes led to a confusion of the two.* 


It is held by some students of these formations that the 
interior sea had a southward connection with the Gulf of Mexico, and 
that certain of the faunal elements entered from this direction. The 
uniform low flat character of the coast, however, with its black mud 
covering, and the progressive overlap of the successive formations 
southward against this black mud, speak against such an assumption. 
True, there is an area in the Mississippi Valley, where the older 
formations are covered by Tertiary strata, and where such a pathway 


* It should be noted however, that this shale has also been thought to have 
been formed in deep stagnant water. 
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might have been situated. But the uniform character of the strata, 
and their overlaps on both sides of this area, suggest that they continue: 


in a similar manner under the covered portions. 


More debatable is the question of the opening of the Appala- 
chian trough to the Atlantic in early Mississippian time. This was. 
certainly the most direct route of communication between western 
Europe and central North America. That some inter-conimunication 
took place, is shown by many elements of similarity between the 
Tournaisian fauna of western Europe and the early Mississippian 
(Waverlyan) of North America. This is seen in the correspondence 
of crinoid genera, to a certain extent in the brachiopods, and especially 
in the cephalopods, certain genera of Goniatites (Aganides, Muens- 
teroceras, Prolecanites, Pericyclus, etc.) being typical of the early 
Mississippian of central North America, and the early Dinantian of 
western Europe. On the other hand, the specific distinctness of these 
forms would favor a round-about, rather than a direct pathway of 
migration, or migration in both directions from an intermediate: 
center, Furthermore, the only known marine deposit of early 
Mississippian age in the north-eastern end of the Appalachian trough, 
that at Windsor, Nova Scotia, has a fauna so entirely distinct from. 
‘either the American Lower Mississippian, or the European Lower 
Dinantian, that it mast bo regarded as belonging to another province. 
The only province available for it is the Atlantic which, in that case, 


could not have been the home of the normal Lower Dinantian fauna. 


From considerations of this kind we are led to abandon the: 
idea of direct communication between Europe and America across the: 
Atlantic in early Mississippian-Dinantian time, and turn to the Boreal 
sea (Nig. 142) as the probable home of the goniatite element. 
Migration northward through the Cordilleran channel, to the Boreal 
sea and onward through the Ural trough to west Europe was possible 


212 Stratigraphy of China 


for types which originated in America, while migration in a reverse 
direction was equally permitted to types which originated in Europe, 
or species originating in the Boreal sea may have migrated in both 
directions. It wil) be recalled that the evidence pointed strongly to 
the Boreal sea as the center of distribution of the goniatites in 


Devonian time. If we are correct in this supposition, it follows that 


Boreal Sas W.Grabeu /925 Lower Dinantian-Tournaisian 


Fig. 142 © Paleeogeographic map of the Artic region showing the distribution 
of Jand and seas (black) in Tournaisian time. 


the Boreal sea is the most logical center of distribution of these 
organisms in Carboniferous time, for these later goniatites, although 
they have split into a number of distinct branches each of which 
developed independently, all have their ancestry in the Devonian 
period, Indeed it seems not impossible, that goniatites developed in 
the first place in the Boreal sea, whence successive waves of emigration 
were sent out, into European and American, and more rarely, into 


Asiatic waters. Goniatites arose in the late Silurian or early Devonian 
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from nautiloid ancestors,* and the Boreal waters, subject as they were 
to repeated separation, with the accompanying uninterrupted periods of 
faunal isolation, formed an ideal center of such evolution. Until 
unmistakable evidence then points to another center, or centers, in 
which the goniatites arose and became differentiated, we shall consider 


that the Boreal realm was their ancestral home. 


The European Dinantian has been divided into the following 
members, the lowest of which, the Etroeungtian, is of very limited 
distribution and represents the transition from Upper Devonian into 


the Dinantian. 
SUBDIVISION OF THE EUROPEAN DINANTIAN. 
i 


III. Visken. Limestones with Productus giganteus, P 
pustulosus, P. corrugatus, P. semireticulatus, var. concinnus, Chonetes 
papilionaceus, Lithostrotion junceum, L. irregulare, Syringopora 
ramulosa, etc., Goniatites striatus, G. sphericus, G. obtusus, Glyphio- 
ceras mutabile, G. complicatum, Prolecanites serpentinus, Pronerites 


cyclolobus, ete. 


II. Tournarstan, Limestones with Spiriferinu peracuta, 
S. octoplicata, Spirifer tornacensis, Rhynchonella acuticosta, Rhipido- 
mella michelint, Porcellia puzo, Brachymetopus duponti, Archeoci- 
daris nereis, Aganides rotatortus, Pericyclus princeps, Muensteroceras 
complanatum, Prolecanites clymenixformis, Michelinia favosa, Lithos- 


trotion basaltiforme, Bellerophon sublevis, Vestinautilus konincki ete. 


I. Errozunerttan. Limestones with Spirifer tornacensis, 
S. distans, Athyris royssi, Orthothetes crenistria, Productus scabriculus 
and many Devonian forms (Spirifer verneuili, Athyris concentrica, 


Schizophoria striatula, Phacops latifrons, etc.). 


*® The author regards Bactrites as a separate parallel development of gonia- 
titic characters in a derivative of orthoceran stock, and not as ancestral to the 
goniatites. 
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The detailed subdivision of the Dinantian or Carboniferous 


Limestone of England is as follows: 
Il. Upper Carsontrerous (Pendleside). 


A. Posidonomya bechert zone. 


2. Sub-zone of Glyphioceras spirale. 
1. Sub-zone of Productus striatus, Nomismoceras 


roteforme. 
I. Lowrr Carponirrrous (Avonian). 


B. Viséen (Kidwellian). 
2. Dibunophyllum zone. 
c. Subzone of Cyalhaxonia rushiana. 
(2) Beds with Michelinia tenuisepta. 
(1) Beds with Zaphrentis aff. ennis- 
killent. 
b. Sub-zone of Lousdaleta floriformis. 
a. Sub-zone of Dihunophyllum e@. 
1. Seminula zone. 
b. Sub-zone of Productus cora. 


a. Sub-zone of Productus semireticulatus. 


A. TYournaisian (Clevedonian) . 

4. Syringothyris zone. 

3. Zaphrentis zone. 
b. Sub-zone of Schizophoria resupinata. 
a. Sub-zone of Spirifer aff. clathratus. — 

2.  Cleistophora zono. 
b. Sub-zone of Spiriferina octoplicata. 
a. Sub-zone of Productus bassus. 


1. Modiola zone. 


i 
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Where the marine Dinantian beds carry intercalations of 
terrestrial sediments or are more or less replaced by these, plants are 


common, among which the following genera are most typical. 


Fig. 143. -Cardiopteris frondosa Schimp. 


Sphenopteris (S. schimperi), Archxopteris, Adianites, Rhacopteris, 
Cardiopteris (C. frondosa) (Vig. 143), and Rhodea (Vig. 144). 
Also Asterocalamites scrobiculatus 
(Fig. 145), Lepidodendron volk- 
mannianwn, L. velthermianum 
(Fig. 146), and internal im- 
pressions of this form, also 
called Knorria imbricata (Fig. 
147). 

The Viséen is succeed- 


Fig. 144. Rhodea patentissina (Ett.) _ 


ed by the Namurran_ which 
begins with beds carrying Productus griffithanus, P. punctatus, P. 
scabriculus, and sponge spicules, and is followed by the AMprnrrres oF 


Cuoxirr. In calcareous nodules in this formation, goniatites abound, 
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(Glyphioceras beyrichianum, G. striatulum, Dimorphoceras atratum 
etc.) and shells of Mytilus (M. ampeliticola, M. carbonaria), ete. 
The Namurian closes with the ARDENNES SAND- 


STONE, which contains Productus carbonarius. 


productive coal series, which attains a thickness 
of nearly 3,000 meters. The lower division of 
this series carries anthracite, and its flora has 
still many Dinantian affinities (Lepidodendron 
veltheimianum, ete.), but this is replaced by the 
typical Westphalian flora in the higher beds. 


In the lower coal-series are found 


marine intercalations, and these have yielded a 
typical late Dinantian fauna, including the 
goniatites Gilyphioceras reticulatum and G., 


beyrichianum var. tenuistriatum; the brachio- 


pods Spirifer bisulcatus, Productus semireticula- 
tus, P. carbonarius, P. longispinus, Rhipidomella 


michelini, Othotetes crenistria, Athyris royssi, 


and Lingula mytiloides, and many pelecypods 


(Aviculopecten, Pterinopecten, Solenomya, Pa- 


Fig. 145a. rallelodon, Nuculana ete.) . 
Asterocalamites scrobicula- 
_ tus Schl. Internal cast of This fauna agrees 


stem, c 
= in many respects rather 


closely with that of the Taiyuan series of north 
China, which will be discussed later, that 


division holding essentially the same position 


Fig. 145b. 
with reference to the typical Viséen. Asterocalamites scrobicula- 
; . . : tus Schl. Portion enlarged. 
This persistence of the Dinantian (Longitudinal grooves do 
ae ‘ ; . not alternate on opposite 
marine fauna raises the question whether the ar te joints as in Cala- 
mites). ‘ 


beds carrying it should not be classed as a 


The Namurian is followed by the 
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higher division of the Lower Carboniferous (Dinantian), in spite of | 


the presence of typical Middle Carboniferous (Westphalian) species of 
plants. As we shall see later, the 


‘corresponding Taiyuan series of China 
represents a continuance of the trans- 
‘gressive movemont which character- 
ized the Viséen. If we consider that 
the west European Dinantian, exclu- 
sive of the beds in question, has a 
maximum thickness of less than 1,500 
meters, while the equivalent beds of 
the Donetz basin of Russia, also 
largely represented by limestones, 
have a thickness of about 7,000 
meters or nearly five times that of the 


Fig. 147, 
Lepidodendron  veltheimia- 
num (Sternb.). Internal cast 
(Knorria imbricata). 


west Huropean 


beds, we may 


Fig. 146. 
veltheimianum (Sternb.) ~ 
the series in !™mpression of exterior. ° 


well doubt if Lepidodendron 


the latter region is complete. If not, it is 
quite possible that the Namurian and a part of 
the succeeding Lower Coal Series represent 
deposits formed during late Dinantian time, 
when in certain sections of the land the flora 
had already assumed the Mid-Carboniferous 
aspect. 

On the other hand we may assume 
the persistence of the Dinantian fauna into 
Mid-Carboniferous or Moscovian time, both in- 
the west and the east, while in the Russiin 
basin it became modified into the Moscovian 
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fauna. The fact, that Spirifer bisulealus and Schizophoria resupinata 
occur together with species characteristic of the Ardennes sandstone 
(Namurian), in marine intercalation in the Upper Coal Series of west 
Europe (Mons basin), might argue for faunal persistence in that 
region, but does not prove it. It is a question of the relative value 
of marine faunas and land floras as indicators of a geological 
horizon. 
In the valley of the Donetz river in southern Russia, the 
Lower Carboniferous or Dinantian (here often called Donjetian), is 
developed to a remarkable extent, ranging in thickness up to 7,000 
meters. It consists of the following succession in descending order. 


Table of the Dinantian of the Ponetz Basin. 


Suprr-FormMarion: Moscovian sANpsrones, followed by 
limestone. 

DINANTIAN: 

7.—Shale, sandstone, and odlitic limestone with Productus 
latissimus, P. elegans, P. longispinus, Schizophoria 
resupinala. 

6.—Two beds of marine limestone separated by shale and 
sandstone with Productus latissimus, P. punctatus, 
Chonetes cf. variolarius, and plant remains. The 
limestones contain: Leptena sinuata de Kon., 
Productus longispinus Sow., P. medusa de Kon., 
Retzia multiplicata de Kon., Spiriferina octoplicata 
Sow., Sp. insculpta Phill., Pugnax pugnus (Mart.), 
Camarotechia acuminata (Mart.), C. reflexa de 
Kon., Camarophoria globulina Phill., Orthotetes 
resupinata (Mart.), Dielasma sacculus (Mart.), 
Spirifer trigonalis (Mart.), Phillipsia derbyensis 
(Mart.). 
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5,.—Course- and fine-grained micaceous sandstone, with thin 
seams of coal, and limestone with Productus latissi- 


mus Sow., etc. 


4,—Gray limestone with Prod. yiganteus Mart., P. elegans 
McCoy, P. nysti de Kon., Fugnax pugnus Mart., 
Rhyn. plewrodon Phill., Chonetes papilionaceus 
Phill., Camarophoria rhomboides Phill., Spirifer 
ovalis Phill., S. trisulcosus Phill. 


.8.—Gray chalk-mar] with Prod. giganteus (Mart.), Chonetes 
hardrensis Phill., Ch. papilionaceus Phill., Ch. 
dalmant de Kon., Orthotetes arachnoides ete., bed 
of porphyry. . 


2.-— Massive gray and black limestone with Prod. corrugatus 
McCoy, P. seméreticulatus Mart., P. pyxidiformis 
de Kon., P. pustulosus Phill., P. undifer de Kon., 
Spirifer cinctus de Kon., Euomphalus pentangula- 
tus, Davisiella comoides (Sow.), Orthot. arachnoi- 


des (Phill.), Chonetes papilionaceus Phill. 


1.—Gray dolomitic limestone with finely plicated Spirifers 
of large size. 


SuBFoRMATION: Marine Devonian limestone. 


Further north, near Moscow, the clastic sediments become 


more dominant in the Lower Dinantian, and beds of coal are quite 


common; marine fossils nevertheless occur. The upper Dinantian 


also begins with a coal bed, but is mostly marine with Productus 
giganteus and Chonetes papilionaceus and with Fusulinella struvet and 
other Foraminifera. It is followed by the marine Moscovian. 


Towards the north-west, the Dinantian is overlapped by the Mosco-: 


-vian, but in the Urals it is developed in marine facies, this forming 


the pathway of connection with the Boreal sea. 
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The Lower and 


Upper Dinantian are often separated by sandstones and shales with 


Stigmaria and Naggerathia. 


PALAECGEOGRAPHY 
OF i 


AW. GRABAU 


1923 
UPPER DINANTIAN 
VISEEN 


Fig. 148. Palwogeographic map of Asia, showing the distribution of land and 
seas (black) in Viséen time. A—Alai Tagh; B—Bardoun; D— 
Darwas mountains, an island in Viséen time; F—Ferghana; K— 
eosnee basins Kd—Kuldja; Kg—Kashear; Kz—Kirghiz sea 
pes; —Nanking Hills; P—Pamir plateau; SU—Sair-Usu; 
—Uch Turfan;. Y—Little Yulduz Valley. og 


With the opening of the Viséen epoch, a great transgressive 
movement was inaugurated, this affecting various sections of Europe. 


Thus in a number of localities the Vis¢en is found to rest directly 
upon older rocks, being sometimes underlain by a basal conglomerate: 
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or by plant-bearing beds which have been regarded as representing 
the Tournaisian. This is seen in Brittany, in Laval, in northern 
Spain, in the Pyrenees, and in other localities in western Europe, 
where the Viséen alone is represented by marine beds. Even at Visé 
in Belgium, the Tournaisian is absent, the Viseén resting directly and 
disconformably upon the lower Upper Devonian (Frasnian), the 
Famennian too, being absent. The Tournaisian is likewise absent in 


England, but occurs in Ireland. 
DINANTIAN or ASIA. 


Turning now to a consideration of the Dinantian of Asia, we 
find that here again the Viséen is 
most wide-spread, overlapping the 
Tournaisian. The latter hag so far 

\ been found only in western and 
‘central Asia, none being known 
from east of the 90th meridian 
except for the Japanese occurrence, © 


noted below. No Tournaisian is 


/ known within the Chinese basin, Pig. 149, 
. Productuscgiganleus Sow. Much reduced, 

the oldest Carboniferous beds there © 7/7" ™ 
being referable to the Viséen. This emphasizes the great transgressive 


movement of the sea.in Viséen time (Map, Fig. 148). 


Eur-Astan Borper. On the threshold of Asia, in the gorge 
of the Araxes on the Russo-Armenian and Persian border, the 
Dinantian series is complete, and is continuous with the underlying 
Devonien. In descending order ‘the formations there ure as follows 
(frech 6, p. 294). 

II Zone of Productus giganteus (Pig. 149), 

ITeavy-bedded® partly bituminous and somewhat 


gypsiferous limestones with Lonsdaleia, echinoid 
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Spines, Productus semireticulatus (Mart.), P. keyser. 
ling7anus de Kon., Huomphalus ef. pentangulatus 
etc. 


I Zone of Spirifer tornacensis (Vig. 150). 


Ib. Marls and shales with abundant Jihzpidomella 


michelinit, <Athyris ambigua Sow., Orthotetes 


Fig. 159. Spirifer tornacensis. 


erenistria, Productus fallax mut. armenica Vrech, 
Cyathaxonia cornu, Syringopora, Pentremites, Lep- 
tena analoga VPhill., Chonetes hardrensis Phill., 
Spiriferina moclleri de Kon., Athyris royssi mut, 
tornacensis Wrech. 


Ia. Marls and shales without, or rarely with Rh. 
michelini, but with Productus fallax mut. armenica, 
and Athyris ambigua, and more rarely Rhynchonella 
plewrodon Fhill., and var. davreuxsiana de Kon., 
Leptena analogc, Orthotetes crenistria, var. kelli 
McCoy, etc. Also rarely from below Spirifer 


tenticulum. 


SuprorMAtTion: Upper Devonian black shales with Spirifer 
vernewilt and variety brodi Wenj. 
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Dinantian strata are widespread in Asia Minor, being known 
from the Tauros and Anti-Tauros, as well as the Black Sea coast. In 
the Tauros, Viséen limestones with Davisiella comoides, Spirifer 
bisuleatus, etc., occur unconformably below the Cenomanian. Below 
the Viséen are unfossiliferous gray dolomites, and these are underlain 
by sandy marls with shaly limestones carrying Spirifer tornacensis 
and other fossils characteristic af the Tournaisian. These beds are, in 

turn, underlain by strata of middle Upper Devonian age, Viséen 
beds are also known from the Anti-Tauros, where they are repre- 
sented by dark shaly limestones with Pro. semireticulatus Mart., P. 
flemingii Sow., ete. On the Black Sea coast, from the vicinity of 
Bree li north-eastward, Carboniferous beds are found to underlie the 
continental red shales and conglomerates of late Pormian age (Rothlie- 
gendes), which themselves are overlain by the Cretaceous. Below the 
moderately folded coal-bearing Upper Carboniferous strata, occurs the 
Carboniferous Limestones with a rich fauna of Visésn age, including 
the following species: Syringopora ramulosa, Productus giganteus 
Sow., Chonetes comoides Sow. var., Zaphrentis cylindrica Scouler, 
Lithostrotion irregulare Phill., Amplexus caralloides Sow., Monticuli- 
pora tumida Phill., Huomphalus dionysti de Montf. Similar beds are 
found in the coal field of Amasza. Both in Tournaisien and Viseén 
time, Asia Minor appears to have formed the main line of eom- 
munication between the European and central Asiatic water-bodie:.: 
The southern border of this connecting water-body appeass to have 
extended across ‘northern Syria, for the high peaks of the Duldul 
Dajh, to the south of the great gorge of the Dschihan (Jihun River) 
which forms the boundary line between Asia Minor and Syria, coasist 
of great thicknesses of unfossiliferous limestones, which Trech 
considers to bo of Dinantian age, thouzh Schaffer and Keber refer 
them to the Turonian. On the International Geological Map of 
Europe, they are represented as Eocene. No Dinantian -beds are 
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otherwise known from Syria, nor have they been found in Arabia, all 
these regions being apparently Jand in Dinantian time. The Mediter- 
ranean Sea, or Tetbys, extended only to the border of this region for 
we find that on the Sinai peninsula a part of the Nubian sandstone 
contains limestone banks with numerous fossils of Lower Carbonifer- 
ous age, but east of that region the oldest fossiliferous beds, included 
in the Nubian sandstone, are of Jate Carboniferous age. 

Persia. Lower Carboniferous or Dinantian beds are well 
developed in northern Persia. They occur between Djulfa and Lake 
Urmiah, in the Elburz mountains, especially 
near Demayend, north of Teheran, extending 
eastward to Asterabad and Shahkuh. The 
general strike of the mountain systems today 
indicates the direction of the geosynclines in 
which these strata were deposited, this being 
for the region in question about E. N. E. 


Both the Tournaisian and Viséen 


are represented in northern Persia, the 


Fig. 151. 
Syringothyris cuspidata Sow. former resting upon Upper Devonian limes- 


tones and containing Tournaisian fossils, including: Spirifer torna- 
censis, S. striatus, Productus perlongus, P. cf. longispinus, P. semiretic- 
ulatus, Euomphalus pentangulatus, Michelinia favosa, Orthotetes 
crenistria, Syringothyris cuspidatus, Martinia glaber, Rhynchonella 
pleurodon, Athyris royssi.. The Viséen is characterized by Productus 
giganteus, which bas been obtained in at least one locality. Elsewhere 
in northern Persia, these limestones are characterized by Martinia 
glaber, Productus punctatus, P. margaritaceus, P. semsreticulatus, P. 
aculeatus, Dielasma hastata, Retzia buchiana, Spirifer triangularis, 
Hallia cylindrica, Syringopora sp., Zaphrentis sp., and Lithostrotion 
martini. No Dinantian sediments are known in central and south 


“Persia, but their occurrence is not excluded, 
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TurKEsTAN. Of great interest is the discovery of a rich 
Lower Carboniferous fauna in the Ferghana region of eastern 
Turkestan. From this series 182 brachiopods have been described, 89 
of which are positively identified. They include such characteristic 
Dinantian forms as Rhipidomella michelini, Productus giganteus, P. 
costatus, P. flongispinus, P. punctatus, P. striatus, ete., Chonetes 
papilionaceus, Rhynchonella plewrodon, Dielasma sacculus, Spirifer 
bisuleatus, S. dwplicostatus, Martinia glaber, Spiriferina inseulpta, ete. 
The horizon represented is evidently Viséen. These beds are exposed 
on the northern and eastern slopes of the Alai-Plateau. At present 
the Tournaisian is not known to oceur in Turkestan, although the 
great thickness of the limestones in the Alai chain suggests that it 
may be represented in the lower portion. In the western part of this 
region, the Dinantian beds lie unconformably upon the Upper 
Devonian, but in the eastern part the relationship is apparently a 
conformable one, although here too, there may be a disconformity. 

Kwern-Luy, Tran-Suan. Lower Dinantian is not known 
with certainty from these mountains, altbough in the Karatau portion 
of the Tianshan, an enormous series of shales, sandstones and 
limestones, totalling some 3,600 meters, overlies the Devonian and 
carries Viseén fossils in its upper portion. The lower part contains 
Productus semireticulatus, P. striatus and Spirifer striatus and other 
- fossils, and may well represent the Lower Dinantian. Aside from the 
localities mentioned, the Viséen everywhere in central Asia is found 
to rest unconformably or disconformably upon older formations, thus 
indicating the extent of the ‘““Tianshan”’ transgression in Viséen time. 
Over sxtensive regions, the fauna of these beds is essentially of a 
uniform character, and frequently the Viséen limestones rest without 
clastic basement beds, directly upon the old rocks. In thickness this 
formation ranges from 500 meters in the Temurlykiau region, to more 


than 1000 meters in other parts of the Tianshan. Jt consists, for the 
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most part, of limestones of various colors, and varying composition 
from siliceous to dolomitic. Shales and sandstones are of subordinate 
development. In the Richthofen chain of the central Nan-shan 
carbonaceous shales with limestone lenses occur, but otherwise 
carbonaceous beds are not extensively developed. Faunistically the 
Viséen is characterized by the great abundance of Productus, among 
which the following forms are most conspicuous: Pyoductus giganteus, 
P. striatus, P. cora, P. undatus, P. hemisphexricus, P. aculeatus, P. 
spinulosus, P. semireticulatus, P. martini, P. costatus, P. pustulosus, P. 
punctatus, P. scabriculus, P. mesolobus, P. longispinus, and P. elegans. 
Other characteristic brachiopods are: Chonetes hardrensis, Martinia 
glabra, Reticularia lineata, Athyris expansa, Rhynchonella acuminata, 
Rhynchonella plewrodon, Dielasma hastatum and Cyrtina septosa. 
Gastropods and pelecypods are also obtained locally, as are also corals, 
The latter include: Lithostrotion irregulare, Syringopora vamosa, 
Cyathophyllum murchisont, Dibunophyllum. The greatest development 
of these beds is in the Tian-shan, that of the Kwenlun being much less 
extensive, indicating that probably the transgression was only partial 
in the Kweulun region while the Tian-shan region was entirely 
covered by the sea. It is possible that the Kwenlun geosyncline was 
continued at this time in the Nanshan geosyncline, this being 
suggested by the Viséen beds of Bardoun in Kansu. On the other 
hand, it is possible that the passage way into China at this time, as in 
Permo-Carboniferous time, was by way of the southern geosyncline, 
i.e., that of the Himalayas. This is one of the problems that needs 
further extended investigation. 

Sinkrana Province. In the western part of Sinkiang 
provinee, within the Tian-shan system, Viséen deposits are well 
developed and, since they fall within Chinese territory, they may be 
considered somewhat in detail. Several sections were described. in 


detail hy Krenkel (21) from this region: 
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(1) Basch-sugun. This lies north-east of Kashgar, in the 
valley system of the Kurumduk. The formations here consist of a 
stratum of greonish sandstone, followed by the very fossiliferous 
Basch-sugun limestone. The fossils indicate an upper Viséen horizon 
corresponding approximately to the Dibunophyllwm zone of the 
English sub-division (p. 214). The following species have been 
identified from this section: Orthis (Schizophoria) reswpinata Mart., 
Productus tenwistriatus Vern., P. sinensis Tschern., P. swbcostatus 
Waag , (P. costatus Sow.), P. semiretivulatus var. martini Sow., P. 
semireticulatus var. transversalis Tschern., P. punctatus Mart., P. 
elegans McOoy, P. wndatus Defr., P. pustulosus Phill., P. scabriculus 
Mart., P. humboldti dOrb., P. aculeatus Mart., P. ef. spinulosus 
Sow., P. curvirostris Schellw., Spirifer crassus de Kon., S. marcout 
Waag., S. rhomboidalis McCoy, Cyrtina sepiosa Phill., Reticularia 
lineata Mart,, @. lineata Mart. var. elliptica Phill., Martinia glabra 
Mart., Rhynchonella (Pugnax) acuminata Mart., R. angulata Linn., 


Terebratula (Dielasma) hastata Sow. 


(2) Chodschur-nu-ussun. Another section of the formations — 
in the Tian-shan, is seen at Chodsehur-no-ugsun. The succession here 


is as follows in descending order: 


4, Chiefly vari-colored tuffs with lava in the upper part, and 
occasionally intercalated bands of limestones, which carry few fossils, 
3. Limestones, well bedded in the upper part, becoming 
more and more clayey and bituminous, with intercalations of tufts; 
fossils at certain levels. The subdivision of this member is as follows: 
d. Stratum with Productus punctatus and Spirifer 
bisulcatus. 
e. Stratum with Martinia glabra, 50 cm. 
b. Bed with Conocardiwm, 2 meters. 


a, Green tuffis, 2 meters, 


bo 
bo 
” 
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2. Massive heavy-bedded limestones, unfossiliferous at 
Chodschur-no-ussun but four to five kilometers eastward, what is 
apparently the same formation, has. furnished fragments of Productus 


cora and P. striatus. 
1. Thin platey grayish-green clay shales with occasional 
sandstone intercalations which conta‘n plant remains; traversed by 


dikes of granite porphyry. 


Among the species identified from these beds are the follow- ° 


ing: Orthis (Schizophoria) resupinata Mart., Pioductus sptralis 
Waag., P. punctatus Mart., P. lineatus Waag.? P. striatus Vischer y. 
Waldheim., P. cora d@’Orb., Chonetes hardrensis Phill., Spiriferina 
cristata y. Schloth., Spirifer bisuleatus Sow., Martinia glabra Mart., 
Edmondia sp., Aviculopecten sp., Parallelodon sp., Conocardium ali- 


forme Sow., Loxonema sp., Fhillipsia sp., Orthoceras sp. 


Yulduz. In the central part of the valley of the Little 
Yulduz River (ab’t Lat. 483°N. Long. 85°.) between Kuldja and 
Karashar, the Upper Dinantian limestones are found to rest uncon- 
formably upon ancient phyllites. The section of the formations is as 


follows in descending order. 
d. Heavy-bedded limestones with few flints...25 meters. 
c. Platey limestones with numerous flints......15 meters, 


b. Gray, wellebedded limestones with inter-bedded red 
erinoidal limestones becoming in the upper part very 
heayy-bedded gray and violet limestones with indis- 


tinct bedding. FF lints numerous......40 to 50 meters. 


a. Heavy-bedded reddish-violet and gray crinoidal . 


limestones with numerous fossils.,,............20 meters, 


Unconformity 
Ancient phyllites, 


¥. 
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At another point, in the same valley, the section is as follows: 


bo 


Siliceous limestones with corals and Spirifer bisul- 


COLUSH err ar ttticttticr. ratte ereren rotten O USTOOLOT SS 
White and reddish homogeneous limestones with 
ALhUTiSiinedttera ete meee A Wetter eeal OSTOtOrs? 


Gray spotted limestones with many /’roductus, un- 


fossiliferous in the upper part, passing downward 


BOR! Ch shaver areeeanea: ectusapeatutccgs eal OO seateteyest, 
Reddish bedded limestones with Productus striatus 
nntlate ite n inn are eee, eee ..10 meters. 
Gray, more seldom reddish, limestones with siliceous 
1a yorsermermemnrtestitek onto iterestes terete es D URTOLOTSS 
Limestones with flints and with gigantic Productus 
in the upper part... eee 00 to 40 meters, 


White granular crystalline massive limestones with 


gfe Wal OSS Stet ren tate scerereeetererae cree rent 30 to 40 meters. 


The fossils obtained from this section include the following 


species: Productus cora Orb, P. giganteus Sow. var. edelburgensis 


Phill., P. striatus Fischer, P. anjlatus McChesney, Spirifer duplicicosta. 
Phill., Camarophoria cf. globulena Phill., Ath yris gp. 


(4) 


Borobogussun. In this section the Dinantian series is 


not especially thick and consists mainly of limestones, tuffs and tuf- 


faceous limestones, resembling in this respect tho succession of 
Chodschur-no-ussun. The following horizons have been differentiated, 


in descending order: 


f, 
e. 


d. 


Beds with small pelecypods and corals, 

Green and gray unfossiliferous tuffs, 10 meters, 
Limestones with Cyathophyllum murchisoni, 8 
meters. | 


Interval. 
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c. ‘Tutfaceous limestones with marine fossils and remains 
of Lepidodendion; clay limestones with Bellerophon, 
Interval. 

b. Beds with Modiolopsis and Productus semireticulatus, 
Interval, 

a. Beds with Productus cora. The keds dip about 30° 


to the south. 


The following species have been identified from this section: 
Syringopora ranvulosa Goldf., Clisiophyllum sp., Cyathophyllum mur- 
chisont Edw. and Haime, Productus cora d’Orb., Spiriferina cristata 
v. Schloth., Martinia triquetra Gemm. (var. pentagona Grodber), 
Dielasma sp., Aviculopecten dissimilis Flemm., Aviculopecten sp., 
Limatilina desquamata McCoy, Modiola sp., Posidoniella sp., Litho- 
domus cf. carbonarius Hinde, Cypricardella sp., Sanguinolites tricost- 


wus Poril., Bellerophon tenucfascia Sow. 


Utsch-turfan. (Uch-Turfan, Lat. 41°6’ N. Long. 79°10’ B.) 
This city lies on the right bank of the Kokshal River or better, its 
continuation, the Taushkan river, and an affluent of the Tarim. It is 
bounded on the south by a rocky ridge, which rises up to 400 meters 
in height. This ridge consists of three formations, dark brown 
crinoidal limestones, gray violet dolomitic limestones, and platey 
bedded yellowish gray sandstones. limestones and sandstones alter- 
nate, the former being most abundant in the lower, and the latter in 
the higher part. Productus giganteus is found in the limestone and in 
the sandstone, in the latter, however, only sparingly. South of the 
city, the entire series is folded. West of the Chinese city lies the hill 
Kusch-tagh, which rises directly from the loess plain to a height of 20 
to 80 meters and extends in a general east-west direction. It is 
crowned by a Chinese pagoda. The hill consists of nearly horizontal 


limestone layers, some of which are composed entirely of brachiopods, 


- 
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chiefly Productus giganteus. These beds probably belong below those 
of the before-mentioned ridge, to the south of the city. The following 
species have been obtained from the fossiliferous limestone of the 
Pagoda hill: Productus giganteus (Mart.) Sow., Productus sp., Je 
hemisphericus Sow., P. grébert Krenkel, P, pustulosis Phill, P. 
semireticulatus Mart., Spiriserina cristata v. Schloth., Orthothetes 
(Schellwienella) crenistria Phill. 

In the northern part of the central Tian-shan, Lower Carb- 
oniferous limestones are also found resting transgressively upon the 
older rocks. The oldest sedimentary rocks in this region are phyllites 
and clay slates, both of them being referred to the Paleozoic. The 
phyllite appears to pass gradually into the clay slates. Upon this 
older series rests the Lower Carboniferous limestone, which has a 
wider distribution in this region than the older sediments, not infre- 
quently resting upon the crystallines, especially the granites. It 
represents a deposit formed by the transgressing sea and in most places, 
it is characterized by a basal conglomerate, which is sometimes 
caleareous. ‘This limestone is especially characterized hy Productus 
giganteus and P. striatus, as well as many corals. Where it is in 
igneous contact with granite or other intrusive rocks, it is highly 
metamorphosed and its fossils are destroyed. Two facies cf this 
limestones are generally found: a dense dark gray, often dolomitic — 
limestone, and another crinoidal limestone. These rocks form the 
high peaks of the range, rising in the peak Nicolai-Michailowitch to a 
height of more than 6000 meters. Productus giganteus and P. striatus 
are common in the dark dolomitic limestone, together with large single 
corals and compound heads of Syringopora and Lithostrotion, The 
crinoidal limestone also contains: the two species of Productus but 
corals are less characteristic of it. The limestones are overlain by. 
vari-coloured platey marls, gray and green marl clay and gypsiferous 


yed sandstones and conglomerates. These form the youngest Palzeozoic 
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sediments of the region and probably represent regressive or con- 
tinental deposits of Middle and Later Carboniferous time. (Keidel & 
St. Richarz 19). 


From the vicinity of the Sart-dschol Pass, southeast of 
Karkara, in the northern Central Tian-shan, the following fauna has 
been obtained, partly from black limestone in which fossils are silici- 
fied, partly from red sandy limestone which contains mixtures of 
granitic debris, and from red to white limestones (Gréber 15): 
Endothyra, Textularia, Zaphrentis sp., Lithostrotion irregulare Phill., 
Cyathaxonta dissimilis Grober., Streptorhynchus sp., Derbya?, Chonetes 
papilionacea Phill., Productus giganteus Mart. var. edelburgensis 
Phill., P. striatus Fischer, P. margaritaceus Phill., P. cora d’Orb. var. 
kok-dscharensis Grober., P. longispinus Sow., Schizophoria resupinata 
(Mart.), Camarophoria globulina Phill., Athyris expansa Phill., 
Spirifer bisulcatus' Sow., Martinia decora’ Phill., M. triquetra Gemm. 
var. pentagona Grober; Reticularia lineata Mart., Dielasma sp., Loxo- 


nema aa de Koninck? 


Further east, in the Tian-shan (in Chalytau, Temurlyktau, 
Dsungarian Alatau) . between long. 80° and 88° and lat. 42° and 48° 
these limestones form a portion of the central zone of the mountains, 
including part of the high Tengri-khan, In this region, however, the 
limestone is generally altered to a ss san marble ranging from 
various shades of yellow to dark gray in colour. Many new minerals 
have been formed, especially mica, tourmaline, and quartz veins. 
Fossils are of course not present in this metamorphic rock but these 
haye been found in the outer zone where the rock was less altered. As 
usual Productus giganteus predominates. _ These limestones throughout 
the entire northern range, are found to rest unconformably upon the 
older. phyllites and they are disconformably succeeded by late Paleeozoic 


and Mesozoic continental beds. The thickness of the Carboniferous 
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limestone is at least 600 moters and, sv far as known, the whole 
belongs to the later part of the Dinantian. (Leuchs 22). 


The following species, found sa (hes Carboniferous limestones, 
especially the Dibunophyllum zone of England, also occur in the 
upper Viséen beds of the Tian-shan (Krenkel 21). 


Corals: Cyathophyllum murchisont E. & H., Lonsdaleia af. 
floriformis Flem., Syringopora ramulosa Goldf., Lithos- 
trotion irregulare Phill., Dibunophyllum aff. » Vaugh. 

Brachiopods: Schizophoria resupinata Mart., Productus gi- 
ganteus Sow. (with var.), P. hemisphwricus Sow., P. 
pustulosus Phill., P. punctatus Mart., P. longispinus 
Sow., P, semireticulatus Sow., P. martini Sow., P. 
costatus Sow., P. scabriculus Mart., P. aculeatus. Mart., 
P. spinulosus Sow., P. mesolobus Phill., P. cora d’Orb., 
P. striatus Fisch., P. wndatus Defr., Chonetes hardrensis 
Phill., C. papilionacea Phill., Spirifer bisulcatus Sow., 
S. duplicicosta Phill., Martinza glabra Mart., Reticularia 
lineata Mart., Athyris cf. roysst l’Ev., A. expansa Phill., 
Oyrtina septosa Phill., Camarophoria globulina Phill., 
Rhynchonella acuminata Mart., R. cf. pleurodon Phill., 
Dielasma hastata Sow. me 


Siperia. Dinantian rocks are known from two regions in 
western Siberia; that of the Kirghiz elevation, and that of the Govern- 
ment of Tomsk, south of the Trans-Siberian Railway line. In the ~ 
former region, they are found in a number of scattered districts, 
- resting upon the Devonian or uncomformably upon the crystalline 
rocks, In the Government of Tomsk, the Dinantian beds are especially 
well developed in the Kusnezk coal basin, where they rest upon 
Deyonian rocks. In both regions, they are of very similar character, 
consisting primarily of limestones, usually gray, and typically crystal- 
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line. They are succeeded by sandy clays with subordinate coal beds, 
representing the higher Carboniferous. The limestones, especially 
those of the Kirghiz Steppes, are rich in organic remains, including 
the following species: Productus semireticulatus Mart., P. pustulosus 
Phill., Spirifer tornacensis de Kon., S. duplicostatus Phill., S. Bisul- 
catus Sow., Syringothyris cuspidata Mart., Reticularia lineata Mart., 
Orthis (Schizophoria) resupinata Mart., Rhynchonella pleurodon 
Phill., etc. From this list it is evident that both the Tournaisian and 
the Viséen are represented in this region. 

Moncorta. Farther to the south-east in Mongolia in Lat, 44° 
43’ North, and between Long. 107° 80’ and 108° East, Professors 
Berkey and Morris, of the Third Asiatic Expedition of the Museum of a 
Natural History, New York, have discovered folded limestones with 
fossils, indicating the presence of the Visteon. Among the fossils so 
far identified from these deposits are the following. 

From limestones east of Sair Usu: Michelinia cf. favosa, 
Cladochonus sp., Schizophoria resupinata, Rhipidomella cf, michelini, 
Spirifer cf. trigonalis, and cf. Productus giganteus. 

Jaran. That this Mongolian geosyncline extended to the 
Pacific coast, permitting migration of the marine organisms along it to 
western North America is shown by the presence of Productus giganteus 
and P. latissimus, and associated species, in the Baird shalos of the 
Sierra Nevada in California. It is again shown by the recent dis 
covery of late Dinantian faunas in the Upper Paleozoic limestone 
series of Japan, especially at Omi-Mura in the province of Echigo.* 
(Hayasaka 16). The fauna includes corals (Echigophyllum, 
Lonsdaleia, Azophyllum, etc.), and brachiopods (Camarophoria glo- 
bulina, Spirifer duplicostatus, S. hwmerosus, Reticularia lineata, R, 


elliptica, Pugnax acuminata, P. pugnus, Syringothyris cuspidatus, 


* Exact position and locality unknown, 
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etc.). The last named species suggests Lower Dinantian or Tour- 
naisian, but the bulk of the fauna, according to Hayasaka, must be 
regarded as representing the Viséen. From the Kitakami mountains 
in the north of Japan, corals of Dinantian affinities have been 
obtained (Lonsdaleia japonica, Lithostrotion pseudomartint, Diphy- 
phyllum flecuosum), thus suggesting a very wide distribution of 
Dinantian faunas in the Paleozoic rocks of Japan. 

HIMALAYAN GEOSYNCLINE. Returning to southern Asia, we 
should expect to find a well-developed series of formations representing 
the Lower Carboniferous or Dinantian in the Himalayan geosyncline, 
. because this represents the most probable passage-way along which the 

3 Viséen fauna could have entered the Chinese basin, since we find the 
= > fauna so extensively developed in south China. That beds of this age 
sare wide-spread in the Himalayan Paleozoic is generally believed, 
> Sthough very little is as yet known of them. 


C LIBR 


In Spiti, the Muth quartzite, a continental series of great 
5 thickness, and resting directly upon the Silurian (See p. 117) is over- 
2 Jain by the Lipax Serres, a succession of limestones and quartzites 
more than 2,000 feet in thickness. The limestones abound in fossils, 
the fossiliferous bands alternating with white and gray barren quart- 
zites. The fossils of the limestones are characteristic Lower Carboni- 
ferous species, indicating the presence, not only of the Viséen, but also 
of the Tournaisian, the latter being indicated by the occurrence of 
Syringothyris cuspidata (Wig. 151, p. 229). Other characteristic 
species are Productus cora, P, semireticulatus, Athyris royssi, and 
species of Chonetes, Spirifer, Reticularia, and of Conocardium, 
Aviculopecten, Phillipsia, Orthoceras, etc. | 

The Lipak series is followed with apparent conformity by the 
Po Sertxs of shales of Middle and Upper Carboniferous age. These 
two are generally classed together as the Kanawar System, and 
are followed disconformably by the Permian. 
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DINANTIAN OF THE CHINESE BASIN. 


Dinantian strata are wideespread within the Chinese basin, 
which includes China proper, and the northern provinces of Indo- 
China.* Two divisions are recognizable, namely the Viséen and a 
higher division which has been 
designated the Tatyuan Series 
from its typical development in 
the vicinity of Taiyuan-Fu in 
central Shansi. 

There is no evidence that the 


Lower Dinantian or Tournaisian 


Fig. 152. Spirifer bisulcatus Sow. sea entered the Chinese basin. 
The beds which have been re- 

garded as representing this horizon in Yunnanfearry fossils of strictly 
Viséen age, and it is therefore held that the Chinese basin was first 


Fig. 153. Enteletes limarcki Fischer de Waldh. — 


flooded by the transgressing Viséen sea. This flooding may have been 
by way of the Himalayan geosyncline, for true Viséen rocks seem to 
be largely restricted to southern and central China. 
Nevertheless it is possible that the Viséen waters 


entered the Chinese basin along the northern or 


Nanshan geosyncline and its continuation in the 


Tingling geosyncline, for true Viséen beds seem to be _ Fig: 154. 
SIABNNE Seo ve : } Phillipsia_ kan- 
well developed in the Bardoun region of western Kansu. swensis  Loczy. 
Pygidium X 3, 


* The Dinantian of western Sinkiang Province has been described above (p. 226). 
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It was, however, during the Taiyuan epoch that the greatest 
spread of the sea occurred in the Chinese basin (Fig. 221), this 
covering the greater part of north! China and extending through the 
Nanshan geosyncline west to the central Asiatic district. 
The marine beds of the Taiyuan series of north China 
occur in the form, of thin intercalations of limestone in 
the continental coal-bearing sands and shales of the 


series. They are most oxtensively developed in the 


central region (central Shansi) where eight successive 


horizons are recognized. Westward only the lower 


Fig. 155. 
members are found, the lowest one alone being recog- Loxonema szech- 


nized in western Kansu. This absence of the higher °”#/ Lory: 
beds:may of course be due to erosion during Mid and early Upper 
Carboniferous time. (Norin 33; Wang VIII, 71.) 

In south China, on 
the other hand, the 


Taiyuan series is repre- 


Fig. 156. Chonetes nystrémi Grabau; a, pedicle valve; b, sented by limestones of . 


brachial valve; c,"mold offinterior of pedicle considerable thickness. . 
valve, 


The fauna of the Tai- 
yuan series#is a remarkable mixture of Dinantian species with those 
generally recognizedas belonging to the Moscovian. 


Foremost among 


Fig. 157. Lopholasma carbonaria Grabau. Three successive sections (somewhat ? 
oblique) of a typical specimen enlarged, (first and third sections are 2, 
reyersed; middle section in normal orientation). 
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the species characterizing the fauna, is Spirifer bisulcatus (Fig. 152) 
while Sp. duplicostata is less common. With these in the lowest 
members occur Spirifer pankouensis Grabau, Lnteletes lamarckii 
(Fig. 153), Phillipsia kansuensis (Fig. 154), Loxonema szechenyii 
Loczy (lig. 155), ete. Other members are 
characterized by Productus taiyuanfuensis 
Gr., P. punctatus, and var. elegans, P. 
scabriculus and P. cora, Chonetes (C. 
: nystromt (Vig. 156), Athyris, Reticularia 

seie EE (R. lineata ete.), Spiriferina, Hustedtia 


~ Lophocarinophyllum acanthisep- 


tum Grabau, natural size, and and other brachiopods. The pelecypods 
] lightl yvorn . 3 a 
oniergement. of slightly, worn clude a number of new species of Avicul- 


surface, showing carine. 
opecten, Acanthopecten and Entolium, and 


the gastropods include Huphemus orbignyi, Cyclonema carbonaria, 
Macrocheilus, Naticcpsis ete. Characteristic corals of the central 


Fig. 159. ~Lophocarinophyllum acanthiseptum Grabau. A series of slightly oblique, 
transverse sections showing development of septa and psendocolumeila, 
‘enlarged about 24 times). The first and third are normally oriented; the 
second and fourth are reversed in position. The final figure represents a 
median longitndinal section, showing the thickened pseudocolumella, and 
the Lopholasma-like character of the carine, which appear here ag 
horizontal lines. (Enlarged x8). 


region (central Shansi) are Lopholasma carbonaria Grabau (Fig. 
157), Lophocarinophyllum acanthiseptum Gr. (Fig. 158, 159), and 
Pinnatophyllum norini Gr. (Fig. 160) (Grabau 13), while in the 
more easterly region in the Tangshan limestone, Alveolites tangshan- 


ensis Gr. and Lithostrotion kaipingense Gr. (Fig. 161) are dominant. 


The Dinantian or Mississippian System. 239 


The Foraminifera are mainly of species at home in the typical 
Dinantian, the following species being frequent both in Viséen and 
Taiyuan rocks of China: 

Fusulinella struvit MON; Fusulinella loczyi Lorenthy (Figs. 
162 a, b.); Sptrillina trregularis Moll; Sp. plana var. patella 
Lérenthy (Figs. 162 e, f.); Sp. subangulata M6ll; 
Sp. chinensis Lorenthy (Figs. 162 c, d.); Tetra- 
tavis conica Ehrenb. (Figs. 163 a, b.); 7. conica 
var. gibba Moll; Endothyra parva Moll. (Fig. 
163 c,); EH. bowmanii Phill, (Figs. 163 d, e.); 
Cribrospira pandert MOll. (Fig. 168 £.) ; Clima- 


Fig. 160, 
Pinnatophyllum norini 
cammina eximia Brady (Figs. 168 g, h.); Ci, Grabau; cross-section. 


bradyi MOll; Lingulina szechenyit Lorenthy (Fig. 164). 

The fauna as developed in western Kansu, was originally 
described by von Loezy, and by him referred to the Middle Carboni- 
Laven or Moscovian. This was due to the fact that von Loezy 


identified the large Spirifer 
which is characteristic of 
that bed, as Spirifer mos- 
quensis a mistaken identifi- 
cation as is shown Yby a 


study of an extensive series 


of these fossils recently re- 


ia 161. ase ie een Grabau, cross- ceived from that section. 


cy D) . . . . 
section, X 2. The species is a modification 


of the typical S. bisulcatus of the normal Taiyuan series, differing 
primarily in the flattening of the costs in the later stages of growth. 
In the young the form has all the characteristics of the normal form 


of the species, to a variety of which it is referred (var 


. kansuensis _ 
Gr.). 


There is every indication, however, that this variety was 
ancestral to the true S. mosquensis (Fig. 184) the young of which 
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closely resembles the adult of the Kansu form. Indeed the suggestion 


is presented, that the Taiyuan fauna, itself a modified derivative of 


the Viséen, developed within the circumscribed basin of China under 


SF 2 GOO Faso Ni . 
cS 1S X [<p 
a & 

c 
Cr 
& SrGrthnd PeOnLh.;.] 
f 
‘Fig. 162. Sections of Foraminifera from rocks of the Taiyuan series, enlarged; a-b. 


Fusulinella loczyi Lor. ; c-d, Spirillina chinensis Lor.; e-f, Spirillina plana, 
var. patella Lérenthy. 


conditions of isolation, was in turn the ancestor of the true Moscoyian 
fauna, which developed from migrants of the Taiyuan fauna of China, 
and reached its greatest differentiation in the central Russian basin. 


Fig. 163. 


Foraminifera’ of the Viséen and Taiyuan beds of China, all much enlar- 
ged. a-b, Tetrataxis conica Ehrenb. top and side views X 36; c, Endothyra 
parva MGll , cross-section X 75; d-e, Endothyra bowmanni Phill. x 38; f, 
Cribrospira pandert MOll., % 74, g-h, Climacammina eximia Brady, side 
and top views, % 223. - 
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This can of course be nothing more than a suggestion at present, the 
demonstration or refutation of which must await the detailed and 
comparative studies of these faunas based primarily on the ontogeny of 
the individual elements. Preliminary studies of these Spirifers seem 
to point to the derivation of the typical S. mosquensis from S. bisulca- 
tus through such intermediate forms as S. bisulcatus var. kansucnsis. 
What is true of the Kansu form ; 
referred by von Loczy to S. mosquensis is 
equally true of the species referred by 
Mansuy to the same form in eastern Yun- 
nan. Here the modification of the coste 


is in the same direction, while the form on 
the other hand remains extended transver- a @ 
gely. This too isa variety of S. bisulcatus LD Mee 

sas F - Lingulina szechenyit Lorenthy. 
(var. weiningensis Gr.) as is shown by a a, longitudinal section parallel 
study of the young shells, and the lime- t broad side; b, longitudinal 

section parallel to narrow side. 
stones in which it occurs are referred to the uch enlarged. 
Taiyuan series. (See below). 

We might of course refer the entire Taiyuan series to the 
basal part of the Moscovian, but since it marks the culmination of the 
trangressive movement begun. in China in the Viséen epoch, whereas 
the typical Moscovian was in China a period of emergence, it seems 
more logical to class it as the final stage of the Dinantian, especially 
since, in its typical development, it carries a proponderating Dinantian 
element in its fauna. The presence of Fusulina in this fauna need 
not modify this classification, since it is obvious that Fusulina could 
not, have arisen suddenly at the beginning of Moscoyian time, it 
must have had a pre-Moscovian history of some duration during which 
it developed, probably from some Endothyra-like ancestor. It is not 
improbable that this development took place within the Chinese basin 
during the Taiyuan epoch. 


242 Stratigraphy of China 


In any case, the Tai- 
yuan series, if Moscovian, 


= can represent only a very 


Serres 


= short portion of that per- 
iod, the greater part of 
which is unrepresented in 
China. The study of the 
‘S plants of the Taiyuan ser- 
es, which is now under 


Permian 
Series 
Ordovician 
2 e 
7brfan 


Tatyuan 
SIiddle 
= 


= 


ay, will serve to throw 
rther light on this prob- 
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Throughout north Chi- 
na, the Taiyuan beds are 
& disconformably succeeded 
= by beds of Permo-Carboni- 
ferous age (Shansi series), 


through the Nanking ‘Hills to Shansi, to show the relationships of the 


isconformities. Ordovician should be continuous, sists 


which contain a few mar- 
ine members, but are chief- 
2 ly of continental origin. 
Considerable erosion took 
Punlice, after the retreat of 
the sea at the end of 
Dinantian time, so that 
the Succeeding beds rest 
upon various members of 


(Wavy lines ere di 


pevonian 


the older series. In Yun- 


Paleozoic strata. 


nan and some other por- 
tions of south China on 
the other hand, extensive 
marine Carbonic beds were 


Fig. 165. Generalized section from eastern Yunnan, 


E Yunnan 
/loscoviren 
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deposited, showing that the sea continued to linger there. A general- 
ized cross-section from south to north represents approximately these 
relationships. (Fig. 165). Further details are given below- 


Dinantian of South China and Indo-China, Sate 


Yunnan. In Eastern Yunnan, Deprat and Mansuy have 
established the following succession for the lower beds of the Carboni- 
ferous series. (Fig. 166).* 


Div. B. VI Choueitang Limestone..........c0cccc0neestes 100. meters 
Div. B. V -_ Loatien Limestone..........c0ccscecsecesess -. 80. . 
Divine Bi Vises GOD oe eeeaes te es eee 86 to 270 _—,, 

Comprising: 

Upper limestone series...............eseseeee 40 - 120 m. 

Shalesvervvac- score ee ee 6- 50m. 

Lower limestone and shale series......... 80 - 100 m. 


Div. B. Wl Laowatong Growp. Continental sands, 
arkoses, red beds and volcanics.... 96 to 350 meters 


Div. B. Il  Chatchong Limestone 


Div. B.1 Continental Group. Sands, cross-bedded 
OLCET Reiesens eee eet ices AEE ees 250 to 300g, 


ee ee i ry 


oe es ee 


Total of Div. B. 600 to 1,100 meters or more. 
be - Hiatus? and Disconformity? 


Div. A.IV Toumounyi Series. Limestone............ 2 meters 


Div. A. III Hoakeuow Series. Marly Shales.....0..... LiL ORs 
Div A. Il Tiensenkouang Series. Calcareous and 
marly shalegs.c.-.ccors Mee er ee INT 2? meters 


Div. A.I  Hoangitien Series. Sandstones and marls 
With fOSslls fre sre seth. tase ene eee over 200 meters 


Total Div. A. 400 meters or more. 


* The lettering of the series is added. CAS ne 
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The most characteristic fossils of Division A: I-FV, are 


brachiopods, most of which’ are identical with, or closely related ‘io 


120m. 


Artinsk 
150m, == 


UPalian 
800m. 


Taiyuan == 

Series = 

= Deprat’s = 
Moscovian == 
950m. 


Dinantion E 
460m. 


Se ew Fig, 166, 

Columnar section of the Dinantian, Ural- 
ian and Permian of eastern, Yunnan, from 
data given by Deprat. The classification 
is the one adopted in the text, and the 


notation on the right is that used in de-- 


scribing the successive formations. 


especially. B. IL and B, 


species which occur in Europé' in 
the upper division of the Dinan- 
tian, i.e., the Viséen. This is also 
true of the other fossils, in so far 
as they have been identified. No 
representatives of the species char- 
acteristic of the Middle and Lower 
Divisions, i.e., the Tournaisian and 
Etroeungtian of western Europe 
are present, and this shows that 
the lowest divisions of the Yunnan 
Dinantian are Upper Dinantian, 
even those of Div. "A. I. Tho 
more typical forms include Chone- 
tes papillionaceus Phill. (Fig. 
167) ,"Spirifer subconicus Mart., 
Spiriferina insculpta Phill., and 
various species of Productus. Some 
corals also occur. 

The succeeding beds of Div. B., 
IV, 
abound in Foraminifera, includ- 
ing characteristic Dinantian spe- 
cies. Practically all the species 
obtained in these beds also occur 
in the Taiyuan series of north 
China, with which this division is 
correlated... Among. the. brachio- 
pods found in Div. B.{I'V, is one 
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referred -by Mansuy to Spirifer mosquensis Fischer, the characteris- 
tic fossil of the Middle Carboniferous or Moscovian of Russia, © The 
Chinese form is, however, not this species, but, as already noted, a 


Lyf 


Fig, 167. Chonetes papilionaceus Phill. Average large form, 


variety. of Spirifer bisulcatus Sow. (variety weiningensis Grabau), 
—- * a ed 

the most typical and widespread brachiopod of the Taiyuan ‘series of 
north China, and a characteristic Dinantian species of Europe. The 


Comet 


ten 
Pet 
nie 


Shee 


Fig. 168. Productus yunnanensis Toczy. 


Imperfect specimen (type). 


other brachiopods identified from this division by Mansuy are also 
found in the Viséen of Europe. It is noteworthy, that the Chatchong 
limestone (B. IT) is separated from the upper limestones of Div. A I 
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by a great thickness of continental sands, and by a similar series from 
the succeeding Hulkai marine group (B. IV). 

More recently Mansuy (VI, 45) has described a faunule from 
the limestones of Eul-Kai in E. Yunnan which clearly indicates Viséen 
or Taiyuan affinities. The species described are: <Amplexus cf. 
coralloides Sow., Archwocidaris (?), Athyris eulkayensis Mans., 
suggestive of a Tournaisian species, A. cf. subtilita Hall, also a 
Tournaisian form; Mourlonia colanii Mans., and Murcehisonia yun- 
nanensis Mans., two species of younger Carboniferous affinities, and 
Microdomus biserratus Phillips, an Upper Dinantian species of 
Europe. 

Further east, in the Kiitsing region of east Yunnan, Viséen 
beds rest, according to Dr. V. K. Ting, directly and disconformably 
upon Middle Devonian. Such characteristic fossils as Productus 
giganteus, P. cf. cora, P. semireticulatus, Chonetes papilionaceus, ete. 
are found in these beds. In Tungshan (Fig. 120. p. 189) the Middle 
Devonian appears to be directly but disconformably overlain by shales, 
sandstones and limestones of the Taiyuan series. These contain 
Pinnatophyllum norini Grabau, Cladochonus? sp., Rhipidomella cf. 
michelini, Composita cf. argentea, and Septopora biserialis. Faulted 
against these are light-colored calcilutytes of Uralian or Permo-Car- 
boniferous age with Pusulina. 

In the Weining region, late Viséen limestones ( Weining 
limestone) and limestones of the Taiyuan series appear to be well 
developed. Among the fossils collected by Dr. Ting, the following 
may be noted: Spirifer bisulcatus var. weiningensis Grabau, Pro- 
ductus giganteus, P. cf. undatus, P. lineatus, Dielasma sp., etc. 
Limestones with Lithostrotion kaipingense Grabau and Productus 
mytiloides also occur. 

So far, then, as our knowledge of eastern Yunnan permits us 
to judge, the Dinantian begins with beds of Viséen age, which rest 
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disconformably upon Upper Devonian (probably Frasnian), the Tour- 
naisian and older Dinantian beds being entirely wanting. The 
Viséon is succeeded conformably by sandstones and limestones of the 
Taiyuan series, above which only a local representation of the Middle 
Carboniferous or Moscovian is found, the 


succeeding series being more generally of 
Uralian age. 


_ From western Yunnan, von Loczy 
has described a fauna: obtained from yel- - Fig, 169. 
: Chonetes hardrensis Phillips. 
lowish-gray, calcareous sandstone, from 
which the lime has mostly been leached, and which occurs at Tali- 
chou near Young-chou-fu. This fauna comprises the following species. 


Corats: Zaphrentis beyrichi Rothpl. Bracwtopops:  Productus 


yunnanensis Locay (Fig. 168), P. 
punctatus var. elegans McCoy, Cho- 
netes papilionaceus Phill. (Fig. 
167),  Schellwienella crentstria 
(Phill.). Forammirera: Fusulina 
sp., and all except the second and 
last three of the species listed on p. 
239, | 
The presence of Ch. papil- 
tonaccus and Zaphrentis beyrichi 
suggest that this horizon ig Viséen, 
Fig. 170, but it may also represent the Taiyuan 
Syringopora geniculata Phillips. series, though no absolutely distinc- 
tive forms of that series, except the Foraminifera have been recorded. 


Inpo-Catns. Beds of Viséen age appear to be well developed 
in Tonking, Laos and north Annam in Indo-China (Mansuy 27- 
29). In the Tranninh distinct of Laos, at Nong-Po, a fauna. of 


typical Viséen character is found in calcareous shales, this comprising 
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in addition to a number of new species, such characteristic European. 
forms as Chonetes hardrensis Phill. (Fig. 169), Schellwienella 
crenistria (Phill.), Schizophoria resupinata (Martin), and Spirifer 
bisulcatus Sow. (Hig. 152). At Ban-Van-Ka, Upper Laos, limestones 
withSchellwienella crenistria var. cylindrica MeCoy and gastropods 
have been obtained. In Elephant Mountain, near Hai-phong, Tonk- 
ing, black limestones with a typical Viséen fauna have been dis- 
covered. Tho fauna consists mostly of new species but includes 
Syringopora geniculata Phill. (Fig. 170), and two other (new) 
species; Productella, related to P. spinulosa Sow., and P. aculeata 
Martin, and new species of Spirifer and Athyris related to European 
Dinantian forms. A number of gastropods, including Huomphalus 
crotalostomus ~McCoy, and four species of “Baylea related to Viséen 


species of Europe, also occur. 


_ In the Thonh-ba district of Tonking (between Lang-chiet and 
Bancai), calcareous shales with corals and brachiopods of Dinantian 
affinities are found, but most of the species are either new, or the 
specific identity is not certain. Nevertheless, the general aspect of the 
fauna is that of a Dinantian one. In the Laichan limestone of 
Muong-Tham, east of Lai-Chan, a species of Lithostrotion is com- 
mon, which appears to have close affinities with JL. irregulare 
(Phillips) of the European Viséen. In the Yen-Minh district of 
Tonking, limestones with Productus scabriculus Mart., P. cord. 
d’Orb, and Marginifera cf. involuta Tschern. are found, and these 
may also represent late Viséen, or they may belong to the Taiyuan 


series. 


Finally in North Annam, between Bai-duct and Phuc-trach, 
have been found shales with trilobites of the genus Phillipsia, i.e., P. 
propinqua Mans., closely related to P. gemmulifera Phill., and P. 
pustulata Schloth. of the European Viséen, 
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The stratigraphy of Indo-China is very involved, and the 
preliminary work of Deprat is now undergoing revision by the Geo- 
logical Survey of that country. At present, therefore, we only know 
that the Viséen is typically developed in the north of Indo-China. 
Whether the Taiyuan series is present or not, can not be satisfac- 
torily determined from these fossil lists. 


Fig. 171. Cross-section of Chihsia-Shan near Nanking (Nanking Hills) (after 
Ting and Yih). 1. Quartzose sandstone; 2. Shales and sand- 
stones (coal?); 8. Conglomerate; 4. Chihsiashan limestoue; 5. 
Covered by Alluvium; 6. Quartzite (Wutungshan quartzite). No. 
1 may be repetition of part of No. 6 through faulting or close folding. 


From the Patalung district of Lower Siam (Malay Peninsula), 
beds with fossils of the Posidonia becheri zone (Culm) (See ante p. 
214) have been described by Reed. These may represent the Taiyuan 
transgression. They will be again referred to in the next chapter. 


Szecuuan. The Viséen is again known from the region 
south of Chungking in southeastern Szechuan, near the Kweichow 
border (Frech 7). Here the more or less disturbed beds, with dips 
up to 50° northward, consist of sandstones, shales and limestones. 
Some of the softer sandstones and limestones contain a marine fauna 
of characteristic Viséen species, including Martinia glaber var. 
symmetrica, Athyris ambigua, Schizophoria resupinata, Productus 


semireticulatus, P. plicatilis, Shellwienella crenistria, ete. 
Dinantian of Central China. 


Nanxine Hints. Though probably of rather wide distribu- 
tion, the Dinantian of central China is best known from the Nanking 
Hills, where it was originally described by von Richthofen, though he 
at first referred these beds to the Devonian. The type locality is 
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Ch’i-Hsia-Shan, (Hsihsia-Shan of y. Richthofen) a hill on the south 
side of the Yangtze, northeast of Nanking (Fig. 171). From this 
locality von Richthofen named it the Hsihsiashan limestone (now 
called Ch’ihsiashan or Ch’ihsia limestone). The same formation is 
again shown in the Ch’uan-Shan (Tshu-Shan of von Richthofen, 


SSS : 
Generalized section of Ch’uan-Shan, east of Nanking, (Nanking Hills), 
showing the intruded basal granite (Jurassic) into ‘the Wutung-shan 
- quartzite and the relationships of the Chihsiashan (Dinantian) and Chuan- 


shan_(Permo-Carboniferous or Permian) limestones. (Modified after 
von Richthofen). 


Wig. 172), in the Chin-Lung-Shan, the Mu-Fu-Shan and elsewhere. 
It is a gray fossiliferous, cherty, lmestone, in which the fossils aro 
chiefly compound corals, the species Syringopora ramulosa Gold, 
(Fig. 173), Fistulipora minor McCoy (Fig. 174), Michelinia, and 
os Segoe = Siphonodendron prodominating. A char- 

‘| acteristic simple coral of this formation is 


Amplexus spinosus var. sinensis Grabau 
(Fig. 175).° The age of the formation 
is late Viséen, and its thickness ‘averages 


from 30 to 40 meters. In all these sections, 


Fig, 173. the Ch’ihsiashan limestone rests with ap- 
Syringopora ramulosa KE. and H. parent conformity upon reddish to white 


compact quartzite, the Wut’ungshan quartzite, 600 meters in maximum 
thickness. Tho age of the Wut’ungshan quartzite has been thought 
to be Devonian, but is more probably Dinantian, representing the 
beginning of continental sedimentation in later Dinantian time, before 
the transgressing ‘sea reached this district. In some sections the 
quartzite is partly cut out by intrusive granite (Fig. 172).. 
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The Ch’ihsiashan limestone appears to be disconformably 
succeeded by late Carboniferous or Permo-Carkoniferous strata, there 
being at present no representative of the Taiyuan series known in this 
section. 

Tae Yanorze Gorees. Near the 
Szechuan-Hupeh border, von Richthofen found 
black limestones of great thickness (Wutai ?) 
especially characterized by corals. The follow- 
ing species, identified by Frech (5) were 
obtained between the Mitau and Lukan gor- 
ges: Zaphrentis delanowi BE. & H.; Z. guer- 
angert BE. & H. (Fig. 176); Michelinia favosa 
Goldf. (small-celled form) (Fig. 177); cf. 
Battersbya sp. These beds are similar to 
those found far to the east, in the Nanking 
Hills. 


TsINGLING GkosyNCLINE. The Car- sap 
boniferous rocks of the Tsingling geosyncline eens 
aré still too little known to enablo us to state my 
with certainty the nature and extent of the Re 
Dinantian series in that region. That it occurs Fig, 174. 


there is probably not to be doubted, indeed Fistulipora minor McCoy; 
: Panic a, an old colony surround- 

there is good reason for believing that both the ing a foreign body; 6, a 
¢ 2 small portion enlarged four 

Viséen and the Taiyuan series are present, times, showing large tubes 

; and intermediate tubules; 

since they occur in the westward extension of % transverse section x 12. 
this geosyncline in Kansu. In the north-eastern part of the geosyn- 
cline, the series is probably included in the Wutai limestone of Willis 
and Blackwelder, or it may be represented by the upper Sintan shale _ 
series, which underlies that limestone, and from which Bryozoa of 
Dinantian age have been obtained, along with brachiopods suggestive 


of an earlier horizon. (Girty 10). 
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West Kansu. On the banks of the Bardoun River (Pa- 
tung-ho)., a tributary of the.Edsin-gol, at a locality a little above the 
entrance of the Tchoukchtja (long. 99° E., lat. 39° N.), Lower 
Carboniferous limestones were found by M. G. Potanin, and the fossils 
listed by Venukoff (Wenjukow) 
(48). ¥ossils of the same age have 
also been found by von Loezy at 
Santachien, farther to the cast. At 
Bardoun the beds enclose the follow- 
ing species: Foramintrera: Endo- 
Amplecus spinosus var. sinensis Graban, thyra bowmannt Phill. (Figs. 168 d, 
Top and side views of specimen at- e), MH. globulus Eich., EH. crassa 
IASG Ee Brady, Bradyina potanini Wen., 
*Pusulinella struvii Moll. Bracmoropa: *Productus giganteus Mart., 
(Fig. 149), P. punctatus Mart., Schellwienella crenistria (Phill.), 
Spiriferina octoplicata Sow., Martinia glabra Ent 
(Mart.), Dielasma sacculus (Mart.), Tere- 
bratula hastata Sow., Athyris globularis Phill. 
Osrracopa: Leperditia okeni Miinst., Bairdia 
. curta McCoy, B. plebeta Reuss., B. brevis J. 
and K., B. ampla Reuss, B. amputata J. and 
K., B. subelongata J. and K., B. hisingert 
Miinst., Bythocypris cometa? J. and K., B, 
bilobata Miinst. Corats (etc.): Chextetes ra- 
dians Eich., Syringopora mongolica Wenj. 


Fig. 175. 


Fig. 176. 


Zaphrentis guerangeri EB. & H. 
Calicinal view, 


The species marked with an asterisk have also been obtained 
by von Loezy from Santachien, where, in addition, the following were 
also found, Ohonetes cf. papilionaceus Phill. (Fig. 167), Euphemus 
ef. urii (Flem.), Fusulina cylindrica Fisch., Spirillina irregularis 


MOll., Lingulina szechenyii Lorenthy, Tetrataxzis conica Ehrenb., 
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Climacammina bradyi Moll. The Taiyuan series of Kansu will be 
considered in the next section. 


The extent of the Viséen invasion of the Chinese basin, and 
the connections with other water bodies in Asia, are indicated upon 
the paleogeographic map (Fig. 148 p. 220). ° 

THE TAIYUAN SERIES OF NORTH CHINA. 
(Sections Fig. 178). 


Es ‘Throughout north China, the Carboniferous is divisible, as 
we have seen, into (1.) the Taryuan series, and (2.)the Suanst series. 


Fig. 177. Michelinta favosa Goldf. Top view, slightly reduced. 


The age of the former is here regarded as late Lower Carboniferous; 
that of the latter as Permo-Carboniferous. The Taiyuan series 
genorally rests disconformably upon the eroded Middle Ordovician or 
_ older.rocks, while the Shansi sories rests disconformably upon various 
members of the Taiyuan series. The sections represent these deposits 
in the several provinces, — 
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Kansu (Fig. 178 i). Along the northern slope of the 
Nanshan range, shales and limestones (Yaneroukou Formation) rest 
unconformably with a basal sandstone, upon the Nanshan series 
(Pre-Cambrian), and contain a rich fauna representing the lower 
horizon of the Taiyuan series of north China. Characteristic fossils 
are: Spirifer bisulcatus vax. kansuensis, Spiriter pankouensis, Enteletes 
lamarckii (Fig. 153), and Phillipsia kansuensis (Fig. 154). There 
are also many species of Productus, and other fossils. Then follow 
the principal coal seams of the region, and higher shales and sand- 
stones of Permo-Carboniferous age. Apparently the Taiyuan series 
here overlaps the Viséen of Bardoun and Santachien. 

West Suanst (Fig. 178 ii). Here the Ordovician limestone 
is followed by 48.5 meters of shales and sandstones, and these by the 
CHANGouIAKOU and Patouxou Limesrongs. These contain essentially 
the fauna found in west Kansu, with some additional species. The 
four typical species of the Kansu section also occur here, indicating 
the same geological horizon. This series is followed by the main coal 
seams of the region (17 meters thick). Above this lie Permo- 
Carboniferous beds, beginning with the PAorecHou Limestone followed 
by the T’umEN SHaxe, both very fossiliferous. There is thus a great 
hiatus between the lower and upper limestones of this section. 

CunrRAL SHanst (Vigs. 178 iii-v). Both west and east of 
Taiyuanfu, the Taiyuan series is typically exposed. There are several 


distinct limestone zones, each characterized by distinctive fossils. 
These are from above downwards. 


8 Kuantikou limestone 4 Miaokou limestone 
7 Shibchiwakou limestone 38 Pankou limestone 
6 Hsiehtao limestone 2 Nanyaokou limestone 
5 Maoerhkou limestone 1 Chientaokou limestone 


Nos. 1 and 2. and 7 and 8 are found only east of Taiyuantu - 
(Fig. 178 vy) where nos. 4-6 are cut out by a disconformity. No. 1 


256 Stratigraphy of China 


is rich in Fusulina, containing few other fossils. No. 3 is the lowest 
limestone of west Shansi and of Kansu containing the same fossils, 
Nos. 4,5 and 6 contain many brachiopods: (Chonetes nystrémi 
(Fig. 156), Productus tatyuanfuensis, P. punctatus, Spirifer bisulca- 
tus (Fig. 152), etce.); peleeypods: (Aviculopecten, Entolium, etc.), 
and gastropods. West of Taiyuanfu, these beds are followed directly 
by the Permo-Cartoniferous series with one limestone (Tuncrayao 
Limesronz). East of Taiyuanfu, however, beds 7 and 8 appear 
below the major disconformity. These are also rich in fossils. 


Gutatr (Fig. 178 vi). In the Kaiping coal basin, the 
Taiyuan series is represented by 85 meters of continental shales and 
sandstones, capped by the Tancsaan Limestone which abounds in 
corals (Lithostrotion kaipingense (Fig. 161), Alveolites tangshanense, 
etc.) and also contains Spirifer bisulcatus, the index fossil of the 
Taiyuan series of north China. Above this follow shales and sand- 
stones with corals, ete., with one fossiliferous zone (CHAOKoUCHUANG 


ForMATION) with a Permo-Carboniferous fauna. 


Snanruna (Fig. 178 vii). In the Poshan and other coal 
fields of Shantung, the Taiyuan series is represented by about 100 
meters of shales and sandstones with some coals, and two limestones 
(here called the PosHAN Szrizs). The characteristic Taiyuan fauna 
with Spirifer bisulcatus, and corals (Lophophyllum, Lopholasma, 
ete.) is found especially in the upper limestone. The series is discon- 
formably succeeded by the Hunasaan Series (Permo-Carboniferous) , 
with many coal beds, but no marine fossils. The extent of the 
invasion, at the end of Taiyuan time, is shown on the paleogeographic 
map (Fig. 221). 


The relationship of the Taiyuan series of Shansi to the 
underlying Ordovician limestones is shown in Fig. 179, after Willis 
and Blackwelder. 
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The Continental Beds and Coals of the Taiyuan Series. 


In the Taryvuan SerRtxs of north China, the continental beds 
are more extensively developed than are the marine members. These 
continental beds are red shales and sandstones near the base, often 
with beds of fire-clay, and sandstones and shales higher up, the latter 
plant-bearing at certain hori- 
zons, . (Cordaites, Lepido- 
dendron, Neuropteris cf. 
schlehant etc.). In central 
Shansi, where the series is 
about 125 meters thick, it 


encloses a number of bitum- 


imous coal seams, some of 


them very extensively work- 


Fig. 179. 


ed. One of these lies just Section of the disconformable contact between 
below the Kuantikou lime- the basal Taiyuan strata (tt), and the Ordo- 
stone, Besi des this, there are aeons in Shansi. (After Willis 
many important anthracite 
coals, all of which occur in the Taiyuan Series. Out of twelve coal 
seams observed by Mr. Norin in the Taiyuan Series, nine are succeeded 
by limestones, and only three by quartz sandstones. Those seams 
which are subjacent to marine limestones, generally have a wider 
horizontal extension than those succeeded by quartz sandstones. The 
thickest seams of bituminous coal, occur however, in the SHANSI 
Serizs.* (Norin 33). 


In northern Chihli, no workable coal appears to exist in the 
Taiyuan series, those of the Kaiping basin all belonging to the Shansi 
series (Permo-Carboniferous) (See further Chapter IX). 


* For further details, see E. Norin. Bull, Geol. Survey China, Vol. IV. p. 52. 
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CHAPTER VIII. 
THE HIGHER CARBONIFEROUS FORMATIONS. 


After the separation of the Dinantian (Mississippian) from 
the old Carboniferous system, there remains a great series of “forma. 
tions which overlies the Dinantian and underlies the Permian. As 
long as the Dinantian was called Lower Carboniferous, this higher 
series was generally spoken of as Upper Carboniferous. The Russian 
geologists, in whose country the marine facies of these beds is best 
developed, have devided \this supra-Dinantian series into Middle and 
Upper Carboniferous, with the respective designation of Moscovran 


and URALIAN. 


In America this, the chief coal producing system, has been 
called Carbonic by Dana, and is generally known as Pennsylvanian or 
Pennsylvanic. This name is however unsatisfactory as it refers pri- 
marily to the incomplete continental series in which the coals are 


found. 
THE YOUNGER CARBONIFEROUS FORMATIONS OF HuROpPE. 


In eastern Europe the higher Carboniferous beds are chiefly 


marine. The subdivision is as follows: 
Marine Divisions of the Younger Carboniferous. 


©, Urattan Series. (As developed in the Urals and 

Timan). 

3. Limestones etc., with Schwagerina princeps (Fig. 
205) and Fusulina verneuilt (SCHWAGERIAN) —con- 
tains also: Griffithides remeri, G. gruenewaldti, 
Brachymetopus uralicus, Agathiceras uralicum, Cono- 
cardium wralicum, and many brachiopods, includ- 


ing Dielasma plica, D, melleri, D, truncatum, D, 
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Lb. 


itaitubense, Spirifer rectangulus, 8. panduriformis, 
S. lyra, Spiriferina corculum, S. ornata, S. sarane, 
S. panderi, Rhynchonella wangenheimi, R. granu- 
lum, Pugnaa utah, P, ‘keyserlingi, Camarophoria 
sella, C. pinguis, C. superstes, Notothyris nucleolus, 
N. warthi, Hemiptychina sublevis, H. triplicata, 
Hustedia remota, Orthotichia morgant, Rhipido- 
mella pecosi, Derbya grandis, Chonetes variolatus, 
C. uralicus, Aulosteges wralicus, Productus bolivien- 
sis, P. fasciatus, P. inca, P. uralicus, P. tenuistria- 


tus, P. splendens, P. latus, Marginifera involuta, 
Proboscidella genuina. 


Clayey and oolithic limestones (Cora Bens), with 
abundant Productus cora (Fig. 180) and with PF. 
timanicus. Also contains: Griffithides scitula, Die- 
lasma bovidens, D. millepunctatum, Hustedia re- 
mota, Spirifer musakheilensis (-cameratus), Spiri- 
ferina saranae, Rhynchopora wikitini, Camaro- 
phoria crumena, Meekella striatocostata, Chonetes 
vartolatus, Dalmanella juresanensis, Productus se- 


mistriatus, P, multistriatus, P. porrectus, P. urali- 
cus, Fusulina verneuilt. 


Coral limestone, with Petalaxis timanica, Colwm- 
naria solida, Syringopora parallela, Omphalotrochus 
whitneyi, Productus porrectus, Dielasma bovidens, 


thynchopora nikitini, Aviculopecten timanicus, ete. 


. Grayish-red limestones with Spirifer musukheilensis, 


Productus semistriatus, P. orientalis, P. lobatus 
mut. russiensis, P. inflatus, P. timanicus, Camaro- 


phoria crumena, Derbia regularis ete. 
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This lower division of the Uralian in the Urals represents the 
typical GscHELLIAN dolomites of the Moscow region or the so-called 
middle Fusulina limestone or zone of Spirifer supramosquensis (Fig. 
183). It contains also: Spiriferina saranae, S. ornata, Spirifer 
musakheilensis (-cameratus), Athyris royssi, Retzia grandicosta, R. 
pseudocardium, Rhynchopora nikitini, Productus boliviensis, P. sub- 
punctatus, P. longispinus, P. parvulus, Chonetes uralicus, C. geinitzi, 
C. dalmanoides, Camarophoria purdoni, Euomphalus canaliculatus, 


E, gschellia, and large Fusulina, (I. longissima).. 


B. Moscovian Series (most typical in Moscow region) . 
Also called Lower Fusulina limestone. Zone of Spirifer 
mosquensis (Fig. 184), and small Fusulinas (2. cylin- 
drica etc.). Also contains: Enteletes lamarcki, Meekella 
eximia, Spirifer fasciger (sens. strict.) Spirifer strang- 
wayst, Sp. okensis, Productus lineatus, Chonetes pseudo- 
variolaris, Archeocidaris rossica, Botrophyllum, Stem- 
matocrinus, Poteriocrinus, Oromyocrinus, and Hydri- 

ocrinus. 
A. DuixantrAn—Carboniferous Limestone (Lower Carboni- 

Fe ferous) . 
In the Donetz basin, the Moscovian has a thickness of about 
6,000 meters, and rests upon 7,000 meters of Dinantian (Donjetian) 
limestone, ete. The Moscovian here consists principally of sandstones 
and shales with numerous coal beds, and some limestones with marine 
intercalations, and throughout carries the typical Moscovian fauna. 
The plant remains indicate the Saarbriickian (Westphalian) horizon 
of the non-marine coa] series of west Hurope. The Moscovian is 
sceceeded, with apparent conformity, by the Uralian, which is about 
5,900 meters thick. This still encloses a considerable number of coal 


beds in the lower part, where thore are also many marine intercala- 
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tions. These marine beds still contain many Moscovian species, 


including Sp. mosquensis (Fig. 184), but in addition a new form, 
Spirifer supramosquensis (Fig. 183), has appeared. The flora also 
retains some of the older forms, though Lepidodendron has disappeared. 


The new element of the flora which appears is that of the lower 


Fig. 180. Productus cora d’ Orb. 
Ottweilian of west Europe. The next division contains only a few 
coal beds, while Spirifer mosquensis and its associates are gradually 
disappearing, and Productus cora (Fig. 180) becomes the dominant 
type. The highest division of the Uralian is formed by arkoses, shales 
and limestones. The mosquensis 
types have disappeared and Up- 
per Carboniferous species (Sp. 
cameratus (lower part), Produc- 
tus prepermicus, P. artiensis, P. 
alternatus, P. lineatus, P. cora 
(Fig. 180), P. tenaistriatus, Enteletes carnicus, Meekella striatocostata, 
Rhipidomella pecosi, Rhynchopora nikitini (Wig. 181), ete. and 
Schwagerina have taken their place. 


Fig. 181, 
Rhynchopora nikitint Tschern. X 14, 


With these occur plant beds 
which enclose the remains of the upper Ottweilian or Stephanian flora. 


The series is succeeded by Artinskian and higher Permian beds. 
In western Europe the continental, generally coal-bearing, 


beds of the Carbonic allow of the following subdivision (in descending . 
order) 5 
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Non- Marine Divisions of the Younger Carboniferous. 


Or?writtan; characterized by the strong development. of 
Pecopterids and by Callipteridium, )broad-leayed Sphenophyllum, 
Annularia and Odontopteris; and by the suppression of Lepidoden- 


Biv, 182. Spirifer marcoui. 


drids, of Sphenopteris (sens, strict.) and Lonchopteris. The more 
important species are: Neuropteris cordato-ovata Weiss. Pecopteris 
arborescens (Fig. 185), Callipteridium pteridium (Vig. 186), An- 
nularts stellata (Wig. 187), Sphenophyl- 
lum verticillatum (Fie. 188). 


SAARBRUCKIAN (upper part of 


Westphalian); characterized by the 
first appearance of Pecopteris, Odontop- 
teris, Alethopteris, Dictyopteris, Lonch- 
opteris (Fig. 189), Mariopteris (Fig. 
190), and Palmatopteris, while broad- 


leaved Sphenopteris (Hig. 191) are 


0 eae 


abundant. Abundant also are Sigilla- \? EA mash 
| : t g Oran ais ‘ 

ria elongata (Fig. 192), S. elegans, ete. NTT 

Annularia radiata (Fig. 193) (in Hi ES 


lower), A. stellata ( Fig. 187) (in Spirifer supramosquensis Nik, 
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upper), Calamites ramosus, C. suckowi (ig. 194), etc. Kucalamites 


and Calamitina also occur, while the older forms have entirely 
disappeared. 


X Hh 
UY 


Mh 


x) 
\ Wy 


Figs 184. Spirifer mosquensis Fisch. de Waldh. 


SUDETIAN or WaLDENBURGIAN 
(Lower Westphalian); especially 
characterized by Lepidodendron  velt- 
heimianum (Fig. 146) (lower), L. 
volkmannianum (Pig. 195), (upper), 
Sphenopteris elegans (Fig. 196), S. 
divaricata (Fig. 197), S. shimperi, and 
S. distans. Appearing for the first 
time are Sphenophyllum of the S. 
tenerrimum type (Fig. 198), and longi- 
tudinally striped Sigillarias (Zosigilla-_ 
ria antecedens) (Fig. 199). Other 
typical species are: Neuropteris schle- 
hani (Big. 200), Allotopteris quercifolia 
(Fig.201) ,and Adiantites oblongifolius 
(Fig. 202). 

Besides these, most of the older 
, Fig 186. " Dinantian forms still continue, the 
 Pecopteris arborescens (Schloth.) change in flora being a gradual one. 


S109 722 
Wye 
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In the east European region, the Moscovian Sea was a 
transgressing one, deposits of this age resting directly upon the 
Devonian, between the Onega and the Pinega in northern Russia. A 
similar transgression of the sea affected Bear Island at a somewhat 
later stage, for there the Gschellian, with 
Sptrifer supramosquensis (Fig. 183) and Athyris 
ambigua rests disconformably upon the Upper 
Gane Devonian continental beds. On Spitzbergen the 

“7 (Zee Moscovian appears to be absent, the Uralian with 
ae Productus lineatus, P. timanicus, P. boliviensis, 
Spirifer cameratus, etc., resting disconformably 
upon continental Dinantian beds with Lepidoden- 
dron veltheimianum (Fig. 146), Bornia radiata 
Fig. 186, iffe. 
eee sae Beer aiten Throughout western Europe the  post- 
Dinantian Carboniferous beds are chiefly non- 
marine, with few marine intercalations in the lower part, as already 
noted in the preceding chapter. In the eastern Alps, however, 
marine beds of UraJian age, rest 
unconformably upon either the ancient 
crystallines, or on folded older Pale- 
ozoics, including the Dinantian. Thus 
there is indicated in that region, a 
period of tectonic disturbance during 
Moscovian time. The lowest of these 
Uralian beds (Auernigg beds) carry 
Spirifer supra-mosquensis (Fig. 183), 
Fusulinas, Griffithides scitula, gastropods and Productus lineatus, and 
other brachiopods. They, therefore, represent the Gschellian or a 
somewhat younger horizon. Above these beds follow limestones with 
Schwagerina princeps (Fig. 215) and Fusulina, and upon these lie 


Fig. 187, 
Annularia stellata Schl. 
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limestones of Permian age. The Schwagerina beds of the Uralian are 
again found transgressive on continental older sediments in southern 
Dalmatia (Budua). Earlier beds, however, with Sp. swpramosquensts 
(Fig. 183) are found to be transgressive in 
Balia Maden, in Mysia, Asia Minor. 

a Far to the south-east in the valley of 
the Nasb, in Arabia Petreea, both Dinantian 
with Rhipidomella michelini and Schellwien- 
ella crenistria, and Moscovian with Produc- 
tus semireticulatus, Spirifer convolutus, 8. 
mosquensis, Iinteletes xgyptiacus, etc. have 


been found. Farther west, in the Sahara 


Fig 188. 

(Tasili Mountains), beds with Spirifer — verticillatum 
rectangulus and Productus semireticulatus, Germ 

supposed to represent the Moscovian, are succeeded by Uralian beds 
with Productus cora, P. lineatus, P. gallatinensis, P. inflata, Camaro- 
phoria purdont, etc. The Moscovian age is also suggested by some 
fossils found in the extreme south of Morocco (Draa Valley). 


In upper Egypt, the Nubian sandstone of Wadi Araba 
contains Lepidodendron and Sigillaria, as well as beds with a marine 


Upper Carboniferous fauna. Some of the corresponding keds in Arabia 
and Syria may belong here. 


THE YOUNGER CARBONIFEROUS FORMATIONS OF ASIA. 


Turning now to Asia, we find there Moscovian beds very 
sparingly deyeloped. They have been observed by von Toll (71) in 
the delta of the Lena River in the extreme north of Siberia. In 
central Asia a number of occurrences have been reported but it is not 
always certain to what extent these are authentic. Upper Carbonifer- 
ous beds seem, however, to be much more widespread, especially the — 
horizon of Schwagerina princeps (Fig. 215), which is placed in the 
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Upper Uralian by the Russian geologists but has been recorded as 
Lower Permian by Frech and others. In some sections, the Lower 
Uralian or Gschellian, seems to have a wide distribution. 

Asta Minor. Younger Carboniferous 
strata are much less widely distributed 
in Asia Minor than are the Dinantian. 
Indeed, Middle Carboniferous beds appear to 
be wholly unknown at present, while Upper 
Carboniferous beds occur in a number of 
localities in the western part of Asia Minor. 
In the Taurus there appears to be a hiatus 
extending from the top of the Dinantian to 
the base of the Upper Cretaceous (Irech). 
Elsewhere too, in eastern Asia Minor the 
Upper Carboniferous appears to be absent. 
Indeed, it may be questioned in how far the 
beds classed as Upper Carboniferous in western Asia Minor really 
belong there, for according te Dyhrenfurth, the Fusulina limestones of 
Asia Minor belong mostly to the Permian. In Balia-Maden, in 


SLES ES = 
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Fig. 189, 
Lonchopteris rugosa Bret. 


extreme western Asia 
Minor (Mysia) and in a 
few other localities, a 
complete succession from 
Upper Carboniferous into 
Lower Permian appears 
to exist. The coal beds 
of Eregli and Amasra on 
the southern Black Sea 
coast are enclosed in a 


WH ’ 
YEW =<: 


= —s 
ans —— 


wholly non-marine series 


, , Fig. 190. Mariopteris sauveuri Bret, 
of deposits representing 
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upper Saarbriickian, Westphalian and Sudetian horizons, and compris- 


ing sandstones, conglomerates, gray shales, clays and numerous coal 


beds. 


SyRIA AND ARa- 


BIA. Very little is known 
of the occurrence of Car- 
boniferous strata younger 
than Dinantian in the 
region bordering the eas- 
tern Mediterranean. The 
Egyptian deposits of Wa- bs 
di-Araka, above referred Fig. 191. 


Py 


Sphenopteris beumleri Andres, with en- 


larged pinnule. 
to, may extend across the fae 


Red Sea, but positive evidence of this seems to be lacking. ‘here is, 


however, in western Hedjaz some evidence that the middle portion of 


Fig. 192. 


Sigillaria elongata Brgt. 
Stem fragment,. 


the Nubian sandstones may be of Carboniferous 
age, especially\that occuring in the region of the 
old Medianitic city Maghair Schu’aib and on 
Wadi-A fal (Blanckenhorn 2). 


I have represented on the paleogeograph- 


‘Nil ic map (Fig. 221) the connection between the 


‘Wail! Mediterranean and central Asiatic waters in 


Moscovian time, but it must be confessed that this 


is extremely hypothetical, and it is quite possible 


| that all this region was dry land during the 


middle period of the Carboniferous. So far as our 


Wij present knowledge goes, no Middle, or even 


Upper Carboniferous beds occur over the greater 
part of northern Arabia, though of course their 
occurrence there is not excluded. 
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Persta. Middle and Upper Carboniferous beds are known 
from only a few localities in Persia, the distribution of these formations 
being much less extensive than that of the Dinantian. From the Mend- 


Fig. 193. 
Annularia radiata Bret. 


jil district of the central Elburz mountains 
a dark limestone with Spirifer mosquen- 
sis, S. glaber and Productus striatus has 
been obtained, indicating the presence 
there of Middle Carboniferous. Similar 
beds continue eastward for a considerakle 
distance. Upper Carboniferous and Lower 
Permian beds are more widely distributed 
than are those-of Middle Carboniferous 
age. The mountains south ard south-west 
of Djulfa, on the Araxes. River, which 
forms the boundary line between Russia, 
Armenia — 


and. Per- 


sia, contain limestone with Schwag- 
erina and Lithostrotion, forming beds 
up to two feet in thickness. These 
represent the deposits of the late 
Upper Carboniferous or Permo-Car- 
boniferous transgression. Somewhat 
‘older beds with Productus gruenewaldti 
Krot., Pr, fasciatus Kut., Pr. gratiosus 
Waag., Streptorhynchus pelargonatus 
Schloth., Reticularia lineata Mart., 
and Spirifer ornatus Waag. occur 
southeast of Taheran in limestones 
‘which includo subordinate beds of 
white and red quartzite. At Emaret 


Fig, 194, 


Calamites suckowt Brgt. Internal’. 
filling of stem, reduced. 
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too, Upper Carboniferous beds underlie the Jurassic sediments, as is 
indicated by the presence, at the foot of the mountains, of dark gray 
limestones with a Reticularia closely related to R. indica Waag. and 
R. waageni Loczy. 

TurKEsTan, The Carboniferous of Tur- 
kestan is still imperfectly known, this being espec- 
ially the case for the Middle Carboniferous which 
seems to have a very limited distribution. In 
eastern Ferghana dark clays and limestones with 
some sandstones and conglomerates, represent the 
higher Carboniferous, these resting in most cases 
disconformably upon the Dinantian. Upper Car- FAST, 
boniferous beds, together with those of Permo- {= 
Carboniferous and Permian age, are well repre- 


sented in the Darwas Mountains of eastern ies : 

Bokhara. They consist of great limestones es- ec ae 

pecially characterized by Jusulina, and rest nianwn Stbg. fragment, 

unconformably upon older rocks, this region of cast of stem. 

- having apparently been an island in Dinantian and 
Devonian times. The Upper Paleozoic beds of Darwas 
are divisible into two series, the lower of which 
represents late Carboniferous, and the higher Permian. 
The Carboniferous beds consist mainly of light gray, 
occasionally dark Fusulina limestone of considerable 
thickness. In comparison with the numerous Fusu- 

_ linas which are often rock-forming, the other fossils 
occupy a subordinate position. Tho following species 
have been found here by Edelstein, this list with the 
exception of the Ftsulinas being only a partial one. The Fusulinas 
have been described by Dyhrenfurth (17), while the remainder of 
the fauna was studied by Tschernyschew. 


Fig. 196. 


Sphenopteris elegans 
Brgt. 
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Partial list of the Upper Carboniferous Fossils of ~ 
Safed-Daron, Darwas, south-east Bokhara. 


jy 


ForaMINIFERA: Jusulina contracta Schellw., FP. 
Schellw., var. globosa Schellw., var. fustformis Schellw., var. 
exigua Schellw., /, kraffti 

‘Schellw. BRAcHropopa: 


Dielasma itaitubense 


vulgaris 


Derby, D. darvasicum 

Tschern., D. jwresanense 

‘| } . “Tschern., dD. olpesstan 
Waag., Dielasmina edels- 
teint. Tschern., -Hemipty- 
china orientalis Tschern., 
H. bukharica Tschern. H. 
dienert Gemm., Aulaco- 
thyris wralica Krot., A. 
lif . darvasica Tschern., Rhyn- 

» SAB e i chonella edelsteiniTschern., 
ma son G } Notothyris nucleolus Kut., 
3 oe aa - N. bukharica~ Tschern., 


Keyserlingina — darvasica 


| Tschern., Uncinulus theo- 
yi — baldi Waag., U. jabiensis 
i Waag, U. arthaberi 
Fig. 197, Sphenopieris divaricata Goepp; stem with Tschern., Camarophoria 
ae sella Kut., C. <solitaria 
Gem., Spiriferina darvasiea Tschern., S. holzapfeli Tschern., Spirifer 
lyreeformis Tschern., S. fritschi Schellw., S. Spach trautecholds 
Stuck., Martinia elegans Diener, M. wralica var. longa 'Tschern., 
M~ incerta Tschern., M. semiplana Waag., M. corculum Kut.,’M. 
simensts Tschern., Reticularia lineata Mart., R. rostrata Kut., R. 
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(Squamularia) dieneri Gemm., Enteletes carniolicus Schellw., . 
tschernyschewr Diener, Avlosteges tibeticus Diener, Productus cora 
d’Ork., P. multistriatus Meek, var., P. juresanensis Tschern., P. 


darvasicus Tschern., P. fascia- 
tus Kut., Proboscidella darva- 
sica Tschern., Marginifera 
carniolica Schellw., M. in- 


voluta Tschern. Moriusca: 


Bellerophon sp., Conocardium * 


sp., Aviculopecten elegantulus 
Stuck. (Tschern. 73). 

So far as the preced- 
ing list permits us to judge, 
there appears to be a remark- 


Fig. 199. 


Sigillaria antecedens Stur. Compressed stem frag” 


ment. 


Fig, 198, 


Sphenophyllum tenerrimum vy, Ett. X 2. 


able mixture of forms be- 
longing in part to the early 
Upper Carboniferous (stage 
of Spirifer swpramosquensis) , 
the Upper Carboniferous 
(Schwagerina stage) and the 


Lower Permian or Permo- 


Carboniferous (Artinskian) . 
In general the fauna is most 
nearly related to that of the | 
Schwagerina limestone of the 
Urals and Timan, though 
strangely enough no Schwa- 
gerina have been found in 
the Darwas deposits. 

Moscovian beds have — 
been reported from the wes- 
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tern Kwenlun and Upper Carboniferous has also been found, this 
being represented on the southern slopes of the Tekeliktayh, in the 
Kwenlun, by white odlitic limestones with Productus longispinus and 
Martinia. A higher horizon representing Permo- Carboniferous, is also 
found there. 

Tue TIAN-SHAN RANGES OF WESTERN SINKIANG PROVINCE. 
On the southern slopes of the Tian-shan mountains, where the foot- 
hills rise from the desert sands on the 
northern border of the Taklamakan, we 
meet with a succession of marine deposits, 
on the whole disturbed and fragmentary, 
but indicating wide distribution of the 
Lower, as well as Upper Carboniferous 


Fig. 200. formations in this region. The district 

Neuropteris schlehani Stur, frag- between Kaschgar and Aksu, or approxi- 
t, and pinnule; x 2. 

eee eS mately between 76° and 80° E, Long. and 


40° and 42° N. Lat., has been studied in greatest detail (Gréber 30 
and Keidel 40). A section made by Gréber, in tho Asghan-Bulak- 
Tagh, southwest of Aksu (approximately Long. 79° 50’ E., Lat. 40° 
50’ N.) shows the following succession, the beds dipping southeast 
up to 20 degrees and striking in a general north-east south-west 
direction. The section in descending order is as follows: 
IV. Late Middle or early Upper Carboniferous. 
7. Lava, followed by red marls and 
clays passing underneath the loess. 5 meters 
6. Tuffs, tuffaceous sandstones, red 
marls and clays, the former pre- 
dominating in the lower, the latter 
in the upper part. About............ 200 meters 
BS Se Lia Vir 2, cic Re ee eel te 10 meters 
Aree Duflareeet iviecretectecs sie tccee ster ote 15 meters 
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8. Dolerite lava with prismatic joint- 
ing, and including two layers of 
buy Auaapennencon Emam Aao we CoS 15 meters 


Fig. 201. Alloiopteris quercifolia (Goepp.), somewhat reduced. 


2. Red and white soft clays, white 
sandstones and red nodular clays. 150 meters 
1. Thin-bedded limestone with sub- 


ordinate marl.,........... ete 5 meters (7) 
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III, Middle Carboniferous (?) limestones. 
4. Coral limestone............. ae MEE 4 meters 
8. Light gray limestone......... va... 8 meters 


Fig. 202. Adiantites oblongifolius Goepp., two fragments. 


&lakining 
aigasi 


Tsohong-kssill-tagh 


Plain ot 
Halpin 


Kankerin-tagh 
LIB Zee 


Section of the Tschong-Kssill-tagh and Kiinkerin-tagh in the southern 
Tianshan of west Sinkiang. a, Safirbai limestone, siliceous and dolomi- 
tie with chert; b, green soft sandstones, marly shales and slates; c, red 
shales and sandstone; d, red sandstones (a-d, Upper Dinantian); e, 
Kinkerin limestone; e,, argillaceous limestone; e, white granular 
Schwagerina limestone; e;, black Schwagerina limestone; f, grayish- 
green flyschlike shale; _g, green clay shale (e-g, Upper Carboniferous) ; 
I, overthrust mass of Upper Carboniferous limestone. (Modified after 


Gréber). 
2. Schwagerina limestone........ ..... 8 meters 
il, Fusulina HIMEStONG ss seer eee 2 meters 
II. Middle Carboniferous sandstones and 


clays, 
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11, White hard cross-bedded sand- 


SELON OSB a titer eden hx Habe Sage Saese 15 meters 


LO2cRedpclave. teak tsp weavers tis tyes che 75 meters 
9, Compact white sandstones some- 
what conylomeritic.........0....6.00 20 meters 


8. Hard clays with some sandstones, . 50 meters 


7. Hard white clayey sandstones. ... 30 meters (7) 


(os UGamaeyey TENE 5 AseoBones cnet .. 40 meters 
5. Gray yellow-brown _micaceous 
SENSING GG en succes Goa oak. 20 meters 
4. Thin-bedded sandstones and red 
clays with gypsum...... ..... Wak 15 meters 
3, Thin-bedded red nodular clays.... 10 meters 
DEP ATT aT ecwootry Badeten aiieundau. 2 to 3 meters 
1. A bed of flint nodules, partly 
forming conglomerate and partly 
united into a quartzite............... 10 to 12 meters. 
Disconformity. 
I. Upper Viséen (Dibunophyllum zone) . 
Siliceous limestone and subordinate 
dolomites with much flint in the lower 
part and large lensos of crystallized 
CalGitGaevreus: snes Husba toonsinonssscten 150 meters. 


The second section parallel to the first and about 80 kilome- 
ters farther to the south-west, shows the relationships depicted in Vig. 
203. Rising above the plain of Kalpin, is the long erosion front of 
’schong-Kssill-Tagh, which is entirely composed of siliceous limestone 
with flints. This represents the upper Dinantian, corresponding to the _ 
Dibunophyllum zone of the Viséen. It 1s succeeded by Middle. Car- 
boniferous sandstones and shales which separate this ridge from. the; 
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Kankerin-Tagh, a similar srosion front of moderately dipping strata 
of limestone representing the Upper Carboniferous. This is in turn 
overlain by flysch-like shales, upon which rests an overthrust mags of 
Upper Carboniferous limestone forming the Kiiikining Aigasi. The 


succession in this section is as follows in descending order: 


II. YounGcER CARBONIFEROUS, 
7. Red sandstone and green clay 


Shallaghcee eesacce cen ieee 200 meters (?) 
6. Green clay shales................0.005 600 meters 
5. Kalendér beds. Flysch-like green- 

gray Coaly shales.....5........5)...+. 300 to 400 meters 
4, Kankerin limestone with Spirifer 

mosquensis, S. strangwayst......... 60 to 70 meters 


c. Black limestone with 
Schwagerina 
b. White, partly sugary 
limestone with Schwa- 
gerina. 
a. Clayey limestone 
3. to 1. Kuruk-iisiim beds. 


35 Red! sandstonessi.-....0.1 see... sesses 150 meters 
2. Red shales and marls...., ........ 100 to 150 meters 
1. Green clay shales, marls and 

BANCStONES\. ay. Mee ae ae ee 200 to 300 meters 


Probable Hiatus and Disconformity. 


I, Lower Cargonirerovs siliceous limestones and dolo- 

| mites, 

It is evident that at the end of Lower Carboniferous time 
this region witnessed a retreat of the sea and a period of continental 
deposition, this forming the Kuruk-tistim beds 450 to 600 meters in: 
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thickness. Then followed the re-adyance of the sea, and the de- 
position of the Kankerin limestone (4) 60 to 70 meters in thickness. 
This contains the following fauna. In the lower dark limestone (a) : 
Productus aculeatus, P. semireticulatus, P. longispinus, P. scabriculus 
P. punctatus, Spirifer strangwaysit, S. cameratus, Spiriferina nova 
species. In the overlying white sugary limestone (b): Schwagerina, 
Fusulina, Productus semireticulatus, Spirifer strangwaysit, S. mosquen- 
sis, S. glaber, Dielasma sacculus. There appears to be here a curious 
commingling of species, for we find Spirifer cameratus, a typical 
Upper Carboniferous fossil, in beds which underlie limestone with &. 
mosquensis, typically belonging to the Middle Carboniferous or Musco- 
vian. With these is associated Schwagerina, which is normally an 
Upper Carboniferous form. It is possible that the identification of the 
Spirifers in question is open to revision, and that these limestones 
represent Upper Carboniferous, rather than Middle. This considera- 
tion gains strength from the fact that throughout this region the second 
‘marine transgression fell in Upper rather than in Middle Carboniferous 
time. 


A continuation of the section just described is found on the 
north-west side of the great Tschul-talasse depression, beginning at 
the foot of the Kekelik-bel and extending through the Kepening-bel. 
In this section we have a partial repetition of the beds found on the 
south side of the Tschul-talasse, the succession being ag follows in 
descending order. 


III. Upper Carboniferous 


2. Kekelik-bel beds. 
Green clay slates alternating with 
Fusulina limestone beds, the latter 
subordinate in the main............ 300 meters 


1. Musduk limestones,.,.......seceseses 400 meters 
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If. Middle Carboniferous 
1, Kepening beds. 
Green clay shales, marly shales 
and sandstones with red clays and 
conglomerates abundant in the 
upper part, limestones with Spiri- 
Jer mosquensis in the middle and 
green gray and blue clays predo- 
minating in the lower part....... 1300 to 1500 meters 


(Probable hiatus and disconformity.) 


I. Lower Carboniferous 
2. Limestones and sandstones alternating (thickness 
unknown). 
1. Siliceous limestones and dolomites (thickness un- 


known). 


; In the upper valley of the Kukurtuk, northwest of Utsch- - 
frian (Uch-Turfan) (approximately Long. 78° 59’ Lat. 41° 28’) the 
Lower Carboniferous limestone is followed disconformably by beds 
with Upper Carboniferous fossils. These beds have also been found in 
a number of other localities in this region and frequently they are 
separatcd from the underlying Lower Carboniferous #limestone by 
clastic beds including a conglomerate which contains rolled fragments 
of the corals from the lower horizon. These higher limestones are 
especially characterized by Schwagerina princeps. From these beds 
Keidel (40) has described the following faunas: Notothyr’s 
nucleolus Kut. (Fig. 204), Productus ef. gruenewaldti Krot., P. 
uralicus Tschern, (Wig. 205), P. inflatus McChesney, P. gratiosus 
Waag., P. subcostatus Waag., P. aculeatus Mart., P. curvirostris 
Schellw., P. pustulatus Keyserl., P. cora d’/Orb., P. lineatus Waag. 


(Fig. 206), P. ct. lineatus Waag., P. sinensis Tschern., P. tenuistria- 
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tus Vern., P. cancriniformis Tschern. (Fig. 207), P. mammatus 
Keyserl., P. punctatus Mart., P. fusciatus Kut., P. elegans M’Coy, 
Proboscidella cf. lata Tschern., Marginifera pusilla Schellw., M. 
typica Waag. var. septentriondlis Tschern., J. 
involuta Tschern., M. cf. involuta Tschern., J, 
clarkii Tschern., Rhipidomella pecost Marcou, 


Schizophoria resupinata Mart., S. supracarbonica 


Tschorn., Orthotichia cf. morganiana Derby, 
Enteletes kayseri Waag., (Fig. 208 a, b), FE.  Notothyris nucleolus Ku- 
tschernyscheffi Diener, EH. hemiplicatus Hall torea. 


Fig. 204. 


(Fig. 208 ¢, d), H. cf. whlerti Gemm., EL. merzbachert Keidel 
(Fig. 209), Spiriferina cristata Schloth., Spirifer cf. fasciger 


om) 


+o 


Jeott 
BEN 
Ke: 


Fig. 205. Productus uralicus Tschern. X {. 


Keyserl., S. lyra Kut. (Fig. 210), S. ef. lyra Kut., S. tidetanus 
Dien., S. supramosquensis Nik. (Fig. 211), Martinia glabra Martin, 
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Martinia corculum Kutorga (Fig. 2:2), Reticularia lineata Mart., 
R. cf. dienert Gemm., R. rostrata Kutorga, Meekella sp. 


Throughout this region there appear to be two periods of 
folding, one of which belongs to the Lower Carboniferous and the 
second probably to the Upper 
Carboniferous. The older folding 
affected the entire Tian-Shan 
but the younger one is only 
recognizable in the narrow zone 


along the axis of the mountain. 


Elsewhere in central Asia, 
Upper Carboniferous is known 
from the Kwenlun and _ the 


Fig. 206. 


Productus lineatus Waag. X 7. 


southern Pamir. In the former region Bogdanowitch found the 
Upper Carboniferous resting transgressively on various formations, 
including Middle Carboniferous. This, therefore, 
corresponds in essential characteristics to the condi- 
tions seen in the Tian-Shan. Lower Carboniferous 


appears not to be known in the Kwenlun. 


Siperia. Over the whole length of Fig. 207. 

Siberia, from the Kusnezk basin to the Pacific Productus cancrinifor- 
Ocean no Middle and Upper Carboniferous forma- 7 Tchern. 

tions are known, ner haye any been found during the recent expedition 
in Mongolia by the geologists of the Third Asiatic Expedition. 
Everywhere the Middle and Upper Carboniferous seem to be represen- 
ted by a hiatus, strata of Permian age lying directly and disconform- 
ably upon the Dinantian. There are, however, extensive coal-bearing 
deposits of continental origin in western Siberia and here belong those 
of the Kusnezk basin, and thoso of the Kirghiz Steppes. According 


to Tschernyschow, coal-bearing deposits of this region were all laid 
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down before the formation of the Artinskian sediments of the Ural 
mountains. 


Himauayas. Noundoubted marine Moscovian is known from 


the Himalayas, but beds of Uralian age, and Permian strata are well 
represented. Unfortunately, the Uralian beds have not always been 
differentiated from those of Permian 
age, but that they occur is shown by 
the fossils which have-been obtained, 
and is the general opinion held by 
the students of these rocks. Tscher- 
nyschew is of the opinion that the Fig. 208 a, b. 

lower Productus limestone of the PRES OMEDEaRE NERS 


Salt Range represents the Gschellian, carrying as it does the charac- 


teristic Spirifer marcout of that horizon. As will be shown later, the 


probability exists that a hiatus of some magnitude separates the lower 
from the middle Productus limestone, 
and that the former belongs to the 
Uralian while the latter, together with 


the upper Productus limestone, belongs 
to the Permian. 


Fig. 208 c, d. : ? , 
Knlélates lemipliatie Vail. In Kashmir the following succes- 
sion of formations has been determined 
by Middlemiss (58a). (In descending order) : 


PERMIAN 


Gowan Sevies.e.... .sceceseees eteceys: 300 feet 
PERMO-CARBONIFEROUS 


Gangamopteris beds (Talchir).... 800 feet 
(Disconformity. ) 


Urerr-CARBONIFEROUS 
Panjal volcanic series 


Panjal traps (several thousand feet) 


+. ee ae 
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Panjal pyroclastic slates (Agelomeratic states) 
(several thousand feet) 


Moscoyian? 
Fenestella shales ..............0000065 2000 foet 
(Protable disconformity) 
DINANTIAN 
Syringothyris limestone series.....1000 foot 


(Disconformity.) 
Stturtan (or Devonian?) 
Muthit@uartzite vrais Serene 8000 feet 

The SyRIncorayrRis LIMESTONE of Kashmir corresponds to the 
Lipak serRtks of Spiti (Seo p. 235), and consists of gray thin-bedded 
flaggy limestones with 
Syringothyris cuspidata 
Mart., Spiriyera subtilita 
Hall var. acuteplicata 
Diener, Productus cora 
d’Orb., P. semireticulatus 
Mart., and 19 other, 
incompletely identified, 
brachiopods (Diener, IX, 


i a 

Fig. 209, Enteletes merzbacheri Keidel X 7. 
20.). It rests diseonformably upon the Muth continental quartzite 
and is probably terminated by a disconformity, and sometimes followed 
by the Agglomerate slates and traps of the Panjal volcanic sories. 

The FENESTELLA SHALES, which generally intervene between 
the Syringothyris limestone and the Panjal volcanic series, consist of 
alternating fossiliferous shales, 100 to 500 feet thick, and unfossilifor- 
ous quartzites, which become thicker (up to 600 ft.) upwards as the 
shales decrease in thickness. The most abundant fossil is « species of 
Fenestella, poorly preserved, but apparently related to, or identical 
with, J. plebeia McCoy. Brachiopods are most numerous, being 
represented by 80 species, while the pelecypods comprise only 6 species 
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‘and trilobites are represented only by an undetermined “species of 
Phillipsia. The fauna. of these shales is individualistic, showing very 
little relationship to the faune of other known Anthracolithic forma- 


tions. Of 41 species, 20 are restricted to it, and 12 
are imperfectly known. The presence of a Syringo- 
thyris (S. lydekkeri), suggests affinities with the 
Dinantian, but the presence of Aulosteges (A. percos- 
tata), is equally suggestive of Upper Carboniferous 
age. The Producti (P. semireticulatus, P. cura, P. 


scabriculus, P. undatus), and Spirifers (S. trigonalis, 


Fig. 211. 
Sprrifer supramosquensts X 4, 


Fig. 210. 
Spirifer lyra Kut- 
S. ef. triangularis), found elsewhere, haye a wide °S* 


range and do not determine the 
age of these beds, 

The individualistic’ character 
of the fatina shows clearly that it 
lived during a period when the 
wide extension of the marine 
waters, Which characterized the 
Viséen, had come to an end, and 
more or less isolated water-bodies 
favored the development of pro- 
vincial faunas. We have seen that 
at the close of the deposition of the 


Taiyuan series, the seas contracted 


markedly, and that even during 


the deposition of these beds the 


Chineso basin was more or loss 


dissociated from the other Asiatic 


water’ bodies, so that the Taiyuan 
fauna has a distinctively provincial 
“aspect. Communication through 
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the Himalayan channel had certainly ceased, though that through the 
Nan-shan channel was still maintained. It is possible that this was 
the period during wh‘ch the Fenestella shales of Kashmir were 
formed, and their provincial fauna was developed from Dinantian 
survivors. Or these shales may belong to a later period of the 
Moscovian, when the east Asiatic region was unsubmerged (See 
beyond). 

The formation of the Pasau serizs of pyroclastics and traps 


clearly falls into this same period of continental condition of south- 
eastern Asia, though it is 


possible that in other parts 
of the Himalayan geosyn- 
cline marine invasion began 


é 


a b ec 
Fig. 212, Martinia coreulum Kutorga. before these eruptions came 
toanend. In Kashmir the sea returned only in Permian time, when 


the Zewan beds with their marine fauna were formed. 
Before this invasion however, and after the close of the 


period of voleanic eruption, there occurred in Kashmir an interval of 
continental sedimentation, resulting in the formation of some 800 feet 
of shales and sandstones with a basal conglomerate, which, near the 
middle, enclose remains of the Lower Gondwana flora (Glossopteris, 
Psygmophyllum, Gangamopteris, Vertebraria ete.) , fish (Amblypterus) , 
and labyrinthodonts (Archzgosawrus). These beds are correlated 


with the Talchir division of the Lower Gondwana, which will be more 


fully discussed in a later chapter. This division of the Lower 


Gondwana series is thus clearly pre-Permian (at least pre-Mid- 
Permian, since the succeeding Zewan beds contain the Lyttonia fauna). 
This was also the period of the late Paleozoic glaciation of other party 
of India, South Africa and Australia. It may, however, be found that 
this period of glaciation actually corresponded to the time of the Mid- 
Carboniferous (Moscoyian) emergence, since the beds which follow 
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these glacial tillites in the Salt Range region of India, i.e. the Lower 
Productus limestone, may be of Gschellian or early Upper Carbonifer- 
ous age. (See chapicr IX.) 

In the Spiti region, the Po Series of Fenestella shales, and 
shales and sandstones with a Culm Flora underlies the Kurine 
Permian shale disconformatly, and has a thickness of at least 2,000 
feet, The fauna suggests possible equivalency with the Middle Car- 
boniferous (Moscovian) in the lower part and with the Fenestella beds 
of Kashmir in the upper part. Tho latter may include Uralian. 
This will be more fully considered in the next chapter in connection 


with the overlying Permian shales. 
Moscovian Time ii China. 


At present no true Moscovian or Middle Carboniferous is 
known in China, unless we refer the Taiyuan series to its basal part. 
As has however, been shown, this series is best regarded as the upper 
part of the Dinantian (Lower Carboniferous). The species referred 
to Spirifer mosquensis by Mansuy is a variety of Spirifer bisuleatus 
but not the true S. mosquensis Fischer (Fig. 184) which is unknown 
in China. 

During Moscovian time, China was mostly dry land. In 
eastern Yunnan there are two limestone formations which may 
perhaps be regarded as sediments formed during this period. These 
are, the Loatien limestone (B. V, p.248) and the Chouéitang limes. 
tone (B. VI, p.243). These formations still contain some species 
found in the Dinantian, especially the Foraminifera of the Taiyuan 
series, but in addition they carry many new species, especially of corals 
and gastropods.* Mansuy suggested, that the character of the fauna 


of the Chouéitang limestone indicates transition between Dinantian 


and Moscovian. 


ena tee a rr a ee 


* For deseription of these see Mansuy (Bibligraph V, No. 10). 
Pp graphy 
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The waters in which these deposits were formed, were 
apparently not connected with those which covered Europe, but 
constituted an isolated provincial sea. (See map, Fig. 221). The 
European sea re-entered the Chinese basin in Uralian (Upper Car- 
honifcrous) time, spreading again more widely. North China was 
however not submerged until the beginning of Permian (Permo-Car- 
boniferous or Artinskian) time, for everywhere beds of the latter age 
lie upon the eroded surfaces of the Taiyuan series. 


Late Lower or Karly Middle Carboniferous (Culm) 


In the Indian Ocean Region. 


In the Malay Peninsula of Lower Siam a formation of the 
age of the Culm of western Europe has been found and its fossils 
described by Reed (60). The locality is Kuan-Ling-Soh, in the 
Patalung district (abt. Lat. 7°30’N., Long. 100° EB.) The fossils 
occur in a very fine rock (silicilutyte) composed almost entirely of 
silica, with practically po lime but some alumina. It is of a whitish 
color, and usually breaks with a conchoidal fracture, but weathers 
chalky. Tho fossils aro poorly preserved, mostly as external or 
internal moulds. A grit of varying coarseness, from the same locality, 
was without determinable fossils. 


Only four specics are specifically identified with certainty, 
these being (1) Posidonomya becheri Bronn var. siamensis Reed, a 
now variety, (2). Athyris subtitiia Hall, (8) Productus concentricus 
Sarres-Kays,, and (4) P. lxvipunctatus Sarres. Of these No. 1 
indicatos the Culm or Posidonomya becheri zone of the Upper Carbon- — 
iferous or Pendleside division of England (see p. 214), a horizon just 
oy erlying the Viséen, and therefore comparable to our Taiyuan series 
inage. Reed says that the species is scarcely soparable from the 
typical P. becheri of the Culm. Several of the imperfectly identified. 


species ‘seem to be identical or very closely comparable with species 
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occurring in beds of this age on the continent and in the south-west of 
England.” Athyris subtilita of the American Carboniferous has also 
been identified from the Lower Carboniferous of west Europe, and the 
It appears to be a form of wide geograrhic as 
The third and fourth species, 


Viséen of Yunnan. 
well as considerable vertical range. 
Productus concentricus and P. levipunctatus, are characteristic of the 
Culm of west Europe. | 
The rather close similarity of this fauna to the Culm fauna 
of western Europe is very striking. Thore is nothing positive to ally 
it with the Taiyuan or Viséen faunas of China or Indo-China nor with 
any of the faunas described from the Himalayan region. Culm is 
held to be represented by the lower part of the Po series of Spiti, but 
this contains only plant remains, marine fossils being apparently 
wanting, It is, of course, not impossible that a fauna of this type will 
be found in the Himalayan strata, and that at the end of Dinantian 
_time-perhaps during the period of the deposition of the Taiyuan 
strata of the Chinese basin - the Burmese straits were open, permitting 
direct communication with Europe along the path of migration of the 
Viséen faunas. But in that case, the connection with the Chinese 
basin could not have been a pronounced one, otherwise there would be 
a more marked similarity of faunas. Possibly future discoveries will 
bring to light the Posidonia becheri fauna in China, as well as in the 
Himalayas, thus definitely solving the paleeogeographic problem, but 
until this has happened we must consider the possibility of a circuitous 
connection of the Indo-Pacific region, either by way of North 
American waters, or by the Trans-Siberian route via the Mongolian 
geosyncline, as shown on the map of Viséen paleogeography (Fig. 
148 p. 220). / 
In the southern part of the Malay peninsula, in the state of 
Pahang, etc., the oldest sedimentary rock in situ is the RAus SERiEs 
(Serivenor 67) with which is associated, in Pahang (abt: Lat. 8° N., 


» 
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Long. 103° E.) the Pahang volcanic series. This is comtemporaneous 
with it, but also continues into a later epoch. The Raub series forms 
a large part of the exposures in the low-lying land of the river valleys 
in the peninsula. The series is largely calcareous throughout, but with 
some non-calcareous shales, some of which apparently contain a 
certain amount of volcanic matter, and some contain carbon. Much 
of the limestone is crystalline, and fossils are poorly preserved. The 
genera recorded from it are Orthoceras, Cyrtoceras, Gyroceras and So- 
lenocheilus, an ammonoid resembling Yenodiscus, and tubes resembling 
Dentaliwm herculewm de Kon. The age is believed to be Carkoniferous, 
and the beds are either equivalent to the ‘‘Culm” beds of the Patalung 
district or they may be somewhat younger. Overlying the limestones 
in the Pahang region are Radiolarian cherts (Scriyvenor 66), which 
are regarded as a part of the Raub series, and these are in turn 
disconformably succeeded by Minphoria sandstone, referred to the 
Rheetic. In Perak on the east coast (abt. Lat. 5° N., Long. 101° E.) 
however, the Raub series is followed directly by tillite, which undoub- 
tedly is referable to the glacial period in which the similar Talchir 
tillites of the Salt Range of India and the corresponding tillites of 
Australia and South Africa were formed. As the Talchir tillites of 
India underlie beds which are probably of Uppor Carboniferous age 
(see Chapter IX), the glacial period may coincide with the period of 
withdrawal of the waters of the mid-Carboniferous sea, in which case 
the beds of the Raub Series are either late Lower or early Middle 
Carboniferous. 
Uralian Deposits in China 
Southern China. 
In Uralian time the sea transgressed widely over south- 
eastern Asia. It re-entered the Chinese basin along the Himalayan 
geosyncline, and extended southward into Tonking and Laos (Indo- 


China), where beds of Uralian age rest unconformably upon the older 
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folded strata, (Silurian, Devonian and Dinantian). In parts of eastern 
Yunnan too, Uralian beds rest disconformably, and with a basal 
conglomerate, upon the older Dinantian (Div. A III.) as at Haokeuou 
(Fig. 218 p. 291) where the entire series is overturned. The trans- 
gressive character is shown by the fact, that the Uralian here found is 


Fig. 214, Neoschwagerina craticulifera (Schwager) ; a, Individual sectioned to 
show interior X 12; b, longitudinal median section showing the 
strong transverse septa (basal skeleton) X 16; ¢c, transverse section 
showing the longitudinal septa or roof skeleton Xx 16; d, diagram- 
matic section to show the relationship of the transverse and 
longitudinal septa within the chambers (i.e, basal and roof skele- 
ton) much enlarged (After Schwager). 


é 


upper Uralian with fusulina multisepta (Zone 6 of list below, i.e. Lower 
‘Permian or Permo-Carboniferous of Frech). In other sections, the 
Uralian rests upon. the Loatien or the Chouéitang formations (Diy. B. 
V or VI, p. 243) and in the Kiitsing region upon late Dinantian. Tho 
Uralian,. as classified by Deprat, has a thickness of about 1,200 meters 
in Yunnan, though a part of this msy be referable to the Permian. , 
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It is mostly formed of limestones with Foraminifera, and is divisible 


into the following zones in descending order: 


Upper Urattan (Deprat)—Lower Permian (Frech) 


10 Zone of Neoschwagerina multicircumvoluta Depr. 
9 ,, 4, Neosehwagerina craticulisera(Schwag.) (Fig.214). 
8 ,, 4, Schwagerina princeps (Ehrenberg) (Fig. 215). 
7 4, 5, Musulina incisa Schellwien. 
6 ,, 5, Pusulina multiseptata Schellw. and Doliolina 
alicize Deprat. 
» 9) Doliolina claudixe Deprat. 


» », Productus cf. compressus. 


oc OT 


» 9» Fusulina kattaensis Waagen. 


Lower Urattan (Deprat) —Typical Upper Carzonirerous (Irech.) 
2 Zone of Fusulina tehenghiangensis Deprat, and F. regula- 
ris Schwager (Fig. 216.). 
1 Zone of Fusulina brevicula Schwager (Fig. 217) and F. 
regularis Schwager. 


Disconformity 
Sup-Kormations: Choueitang or older beds. 


It is quite possible that, as Frech has suggested, zones 3 to 
10 should be classed as Lower Permian or Permo-Carboniferous, 
which would indicate that the transgression took place in late Uralian 
and in Permo-Carboniferous time, as is the case all over north China. 
The zones in question contain species which are also found in the 


Productus limestone of India. 
Central China. 


Nangine Hints. It is not yet known with certainty whether 
true Upper Carboniferous or Uralian beds are present in the Nanking 


Hills of Kiangsu province. Present evidence seems to indicate that 
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beds of the Shansi series (Permo-Carboniferous) follow discon- 
formably upon the upper Viséen beds. Whether any representative 
of the Taiyuan series is present, alvo remains to be determined. The 
eesiiaee 35 2 succession of formations, as now 
understood, for the Nanking region 
is given on a subsequent page. 
YanatzE Goraes. (Fig. 218). | 
In the Yangtze gorges above Ich- 
ang, especially in the Wushan 
gorge, the Sinv’An SHALE (Dinan- 
tian or older) is succeeded by the 
great WusHan Limestone, which 
has a thickness of about 1,200 
meters (4,000 ft.). This consists 
eA of dark gray or blackish limestones, 
Fig. tie which include shale layers, and 
See Tel secrets weil Hah cae 


e, part of a sectioned shell to show and 600 meters above the base, 
structure, x 6 (After Schwager), 


respectively. Much chert occurs in 
the lower part.* From the lowest layers of this 
limestone, a fauna has been obtained which 


resembles the Gschellian fauna of Russia, or SS 


“that of the Salt Range of India. This fauna LAS 
Fusulina regularis Schell- 


includes Schwagerina sp., Lonsdaleia chinensis |i... Onilinemoientire 
Girty (Fig. 219), Michelinia favositoides Girty, shell x 3) (After De- 
Geinitziella chinensis Girty, Fistulipora waagen- aE), 

tana Girty, Spirifer blackwelderi Girty (Fig. 220), and undetermined 
species of other brachiopods, ete. Geinitziella chinensis was again 


_ found together with Batostomella meckana Girty, from 240 to 300 


_ * For description of section see Willis and Blackwelder Research in China, Vol. 
I, For description of fossils see Girty, Ibid. Vol. III, 


a 


‘ing elements suggestive of the Permian, Mansuy considers that it shows. 
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meters above the base, and undetermined species of Chonetes, 
Ambocelia (cf. A. planiconvera) and Clyothyris, at 350 meters above 
the base. The higher beds have so far yielded no fossils. 


It is most probable that the greater part of the Wushan 


limestone is of Uralian (Upper Carboniferous), Permo-Carboniferous, — 


and perhaps Permian age. 


"= . ae A s a accel = 


worse 


ecg STR Re any TED 


Fig, 217. 


Fusulina brevicula Schwager; a, entire individual sectioned to show 
interior X 9; b, cross-section X 12; ¢, partial longitudinal section’ 
X 12 (After Schwager). i 


_ The Wushan limestone is succeeded by the red beds of the 
Kweichou series (Willis) which are of late Permian or in part of 
Triassic age. 


(See further, sections under Permian. ) 
/ 
Indo-China etc. 


Late Carboniferous or Uralian beds are known from Tonking 
and Laos where they are especially represented by the Productus 
limestone of Mansuy. This probably represents late Uralian, contain- 
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closer affinities with the Uralo-Permian beds of the Ural mountains 


than with those of the Himalayas or the Salt Range. 


Brachiopods 


- predominate in the fauna, comprising 115 species out of a toial of 185 


1 K’ui-chéu series 


500m + 
je Smee 
Bn a aat), 


Wu-Shan Ist. 
_1200m, 


BRE wz 


Disconfermity 


Sin-tan shale 
500m, 


% HORE Bh 


Fig. 218, 
Columnar sectiort of the Carboniferou . 
and enclosing beds on the Yangtze {(Mo- 
dified after Willis and Blackwelder). 


future investigation. Limestones 


forms described. Of these some 65 
percent are related to, or identical 
with, late Uralian species of Russia. 
While several horizons seem to be 
represented, the greater portion of 
the series belongs to the horizon of 
Schwagerina princeps (For list of 
the fauna see Mansuy V, 20, pp. 
95-97, and for description, Mansuy 
V, 14, 15, 18.). 

It might be suggested that this 
late Uralian horizon has not yet 
been found in the Himalayan 
region, where beds apparently of 
Cischellian age are disconformably 
succeeded by beds of Middle (?) 
It may be that 


erosion in early Permian time has 


Permian age. 
removed all of them, or that those 
portions of the disturbed strata of 
that mountain system, which were 
fornied in the center of the geosyn- 
cline, may still retain them, though 
they have not yet been discovered. 
This is one of the problems for 


with Spivifer lydekkeri Diener, a 


characteristic fossil of the Zewan beds of the western Himalaya (Spiti 
and Kashmir) occur at Ban - Lat- Cok in upper Laos. What is 
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probably a similar early Uralian horizon is found in the Yén-minh 
district of Tonking, where limestones at Ma Pi Leun and Yan Chai 
Lung carry Productus seabriculus Martin, P. cora d’Orbigny, and 
Marginifera cf. involuta Tschern. 
Finally late Uralian beds with Spirifer nikitini Tschern. 
have been recorded from the Lang-son quadrangle of Tonking, ‘and 


from the Tran Ninh plateau of Laos. In the latter region an associated 


Sua 4 
ae aN 


Fig. 219. Lonsdaleia chinensis Girty. Section. 


fauna, mostly of new species, has been obtained. Some of the 
so-called Permo-Carboniferous limestone of Upper Siam may also 
include beds of Uralian age. 


From Padang Sumatra, Fliegel (22b) has described a fauna 
which he considers to be of Upper Carboniferous age, but which is 
here referred to the base of the Permian (Permo-Carboniferous) (See 
Chapter IX). 


GEOGRAPHIC DEVELOPMENT IN LATER 
CARBONIFEROUS TIME. 
According to all the evidence available, the Moscoyian or 


Middle Carboniferous was a period of shrinking seas and of the 
extension of continental deposits which commonly carry beds of coal 
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and the remains of a distinctive flora. - River flood plains, dotted over 
with coal swamps, and composed of sands and clays brought from the 
old land of Atlantica, became wide-spread in western Europe, replac- 
ing the marine waters in which the Dinantian fauna had flourished. 
This fauna probably continued for a time in the Atlantic waters, and 
in local. embayments of these waters in England, Belgium and 
elsewhere. But it is extremely unlikely that these embayments from 
the Atlantic had any connection with the great relict interior sea of 
i Russia, As-we have seen this sea was par excellence 
the home of the Lower Carboniferous (Dinantian 
or Donjetian) fauna, which continued here during 
a long period of time as measured by the great 
thickness of the calcareous sediments which enclose 
it. This fauna still continued for a considerable 
period of time after the deposition of those sedi- 
ments which are definitely referred to the Lower 


Carboniferous, and the beginning of the formation 
Fig. 220. of the sediments definitely referred to the Middle 
Spirifer blackwelder’ Carboniferous or Moscoyian. The line between 
Girty, enlarged x 2. - ‘ 
the two series is drawn at the level where a new 
fauna, characterized especially by Spirifer mosquensis (Fig. 184) 
makes its appearance in the basin. There is no evidence that this 
fauna developed within the Russian basin, for transition types are 
lacking, and. the characteristic elements of the two faunas are sharply 
‘delimited. We can only hold that the new fauna was an exotic one 
invading this territory. At first it existed side by side with the older 
fauna, but as this gradually died out or became modified the totality 
of the aspect of the fauna became changed. 
. The question then arises, where was the home of this new 
fauna, where was its place of origin and center of distribution? If we 
look to the Boreal.sea, we are confronted with the fact that this was in 
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uninterrupted connection with the Russian basin throughout Dinantian 
and Moscovian time; and we must conclude that, if the. new species 
arose in the Boreal sea, some of their prenuncial types, showing 
intermediate characters between the Dinantian and Moscovian forms, 
should have wandered into the Russian basin. 


But if such exist they 
have not been made known. 


On the other hand, we can hardly regard the Atlantic ay the 
home of this new fauna, for where the new fauna occurs in regions 
bordering that water body as in Andalusia and in north. Africa, it 
appears to be fully distinct from the preceding Dinantian fauna. 
Moreover, the lingering of the almost unmodified Dinantian fauna in 
western Europe, during the early part of the period characterized by 
spreading flood plains, and its recurrence in intercalated beds in tho 
higher Belgian coal series, suggests that it was the Dinantian fauna 
which lingered in the Atlantic and that the successive marino 
intercalations in the coal beds of Belgium, mark repeated invasions 
from that water-body, and indicate a total severance of these waters 
from those which filled the Russian basin. : 

Taking the known facts into consideration, it appears that we 
must turn to Asia as the place of origin and early. distribution of the 
new fauna, though so far as we can judge, this fauna. soon became 
extinct in its home land. And it is to China, that all. the available 


evidence seems to point, as the region where the Dinantian fauna 


became modified into the Moscovian fauna. ‘To announce this as a 


final conclusion would be premature and unwarranted, as the study of 
the Chinese faunas has not progressed far enough. But some eridenes 
for such a supposition certainly exists, and in the case of one typical 
species of the Moscovian~- perhaps the most typical, i.0.,. Spirifer 
mosquensis, the facts seem to point unmistakably to China as-the place 
of its evolution, and to Spirifer bisulcatus, the wide-spread Upper 
Dinantian -form, as its’ ancestor; for we find both in the extreme 
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north west and in the south west of China varieties of Spirifer 
bisuleatus which clearly indicate development in the direction of 8, 
mosquensis. In. their young stages these forms retain all the charac- 
ters of the ancestral S, bisuleatus, but the adult stages show modifica. 
tions which have led previous observers to class this form as Spirifer 
mosquensis. It isnot so much with the adult stages of that species, 


that the Chinese forms agree, but rather with the immature stages of 
the typical Russian form. Thus these Chinese mutations are in all 
respects intermediate between S. bisuleatus and S. mosquensis, and by 
further acceleration in development would produce the typical mos. 
quensis characters. These Chinese forms belong to the Taiyuan, series 
which represents the depusits formed during the period of greatest 
expansion of the Dinantian waters within the Chinese basin. It must 
be recalled that the Chinese basin was one of marked isolation, even 
in the Taiyuan period, this isolation furnishing the conditions requisite 
for the modification of the fauna thus cut off from its contemporaries. 
Once the inpetus was acquired for the development in the new 
direction, and progress in this direction made to the extent that it 
could not be checked, this development would continue, even after 
tho forms affected had entered into a more cosmopolitan field. Once 
established, the new types could spread as far as proper geographical 
and other environmental conditions permitted, So far then as the 
most diagnostic species of Spirifer of the Moscovian fauna is concerned, 
it seems certain that the impetus for its development was acquired in 
Chinese waters, though the species never developed far enough in 
these waters to become fully established, at least so far as we are ablo 
to determine from the faunas of the formations preserved. It is true 
that the period of deposition of the Taiyuan series was followed by a 
prolonged period of erosion, especially in north China, so that higher 


beds of this series may have been removed. Still it is doubtful if true 


Moscovian with typical Spirifer mosquensis ever existed in China-- 
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that fauna received its developmental impetus in China, but probably 
completed its development for the most part after leaving the basin. 
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Fig. 221. Paleeogeographic map of Asia, showing the probable distribution 


of land and sea (black) in Moscovian time. The vertical lining 
within the Chinese basin, and the Himalayan and Nanshan geosyn- 
clines indicates the extent of the Taiyuan transgression. The 
small black area in the southwestern part of the basin represents 
the residual Moscovian sea of Yunnan. It is possible that during 
the Taiyuan transgression connection with the Indian Ocean was 
established, and part of the Malay Peninsula was flooded. 


On the Paleogeographic map Fig. 221, an attempt hasbeen 
made to present the essentials of the geographic conditions of Moscovian 
time in Eur-Asia, so far as known. The eastern-most region in central 


Asia from which the Moscovian fauna has been recorded, is the 
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Tianshan. We are at present unable to determine the precise 
relation of this fauna to that of the Taiyuan series, and it may be that 
this Asiatic representation of that fauna bears the stamp of progress 
towards its typical Russian expression. The Moscovian fauna has been 
recorded from Arabia Petraia and from regions farther west in north 
Africa, as well as from Balia Maden. in north-western Asia Minor. 
Thus it appears that the south Asiatic water-way was in existence at _ 
that time essentially as outlined on the map. The connection with 
the Russian basin is made by way of the Caspian depression, where 
Karpinsky located it.* . 

As has been noted, a certain amount of transgression of the 
sea in Moscovian time is indicated in northwest Russia where this 
series of formations rests directly upon Devonian rocks. This trans- 
gression was, however, a local one only, for the keynote to Moscovian 
geography was a shrinking of the seas. That the Moscovian sea 
remained in connection with the Boreal sea, is shown by the presence 
of the Moscoyvian fauna in the delta region of the Lena River in north 
Siberia. The question then arises, why is the typical Moscovian 
fauna absent from North America, where the succeeding Uralian 
fauna, is so well developed. The answer to this question lies in the 
character and conditions of the North American Carboniferous basins. 

In North America, the formations which represent the 
Middle Carboniferous or Moscovisn of Europe, are the Potsville and 
Kanawha series and perhaps a part of the Alleghany series. In the 
Appalachian region, these formations originated ag alluvial fans or 
river flood-plain deposits, dotted over with coal swamps, and formed 
primarily by streams which brought the waste of the land from 
Appalachia. Marine beds are practically negligible, except in the 
Alleghany series where they form a few small intercalations. In the 


* See the Paleogeographic maps of European Russia by Karpinsky reproduced 
in Kayser’s*Lehrbuch der Geologie Vol. I. ee) 
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southern (Ouachita) geosyncline, deposits of black mud were formed 
by rivers from the low land to the south, and some of these enclose a 
few marine organisms. Such is the Morro formation of Arkansas 
which contains Pentremites and other forms, suggestive of a local 
derivation from the late Mississippian fauna. Similar faunas, regarded 
as of Pottsvillian age, have been obtained near Virginia City, Montana 
and elsewhere in that state, their Mississippian affinities being such 


that they were originally referred to that system. 


These facts seem to point to the distinctness of the American 
marine basins from those of Europe in Moscovian time, and it is 
possible that the American waters were in connection with thoso of 
the Pacific rather than with the Boreal Sea, which at that time was 
probably inhabited by the typical Moscovian fauna, Careful future 
comparative study of forms must determine whether at this time there 


was any connection between the European and American waters. 


With the opening of Upper Carboniferous or Uralian time a 
positive eustatic movement of the sea recommenced. As we have seen 
the lower Uralian, or Gschellian, widely transgressed the previous 
continents, resting on undisturbed continental Deyonian_in Bear Island 
in the Arctic region, and on folded Dinantian and older strata in the 
eastern Alps of Europe. In Asia too, beds of Gschellian and younger 
age overlap the older formations, this haying already been noted) for 
the Tianshan region and for sonthern China. It was indeed in 
Uralian time that the Chinese basin was again. flooded by the exten- 
sions of the European seas, but such flooding was apparently confined 
to south and central China, north China not being invaded by the sea 
until Permo-Carboniferous time. | 


The Uralian fauna of Europe has a strong American element 
and there can be no question but that at that time the water-ways to 


and from the Boreal Sea were open in both directions.. Whether the 
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new clements originated in American waters, or wandered into them 
as they did into the European waters, can at presont not be determined. 
The presence of some of these forms in the older (Pottsville) faunas 
may indicate an American origin. On the other hand, these elements 
may have arisen in some Pacific province. In any caso, they could 
only have reached Europe by way of North America and the Boreal 
Sea, for direct connection with the Pacific, across Asia, was not in 
existence at that time since, according to all the available evidence, 
the Mongolian geosyncline was not again flooded until early Permian 
time. So far as our present knowledge permits us to judge, the 
Uralian transgression continued into Permian time in so far as Asia 
was concerned, though in north Europe great changes, resulting in the 
formation of wide-spread continental beds (Rotliegendes) occurred, 
followed by temporary advances and subsequent withdrawals of the 


sea, and the development of the great salt basins, 
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CHAPTER IX. - 
- THE PERMIAN SYSTEM. 


The Permian system, formerly often called Dias because of 
its two-fold development in Germany, is the last of the Paleozoic 
systems, and is now commonly recognized as distinct, though by some 
it is included with the later Carboniferous and Dinantian in the 
Anthracolithic system. Considered as a distinct system, it admits of 
the following three-fold subdivision based on the west Huropean 
development. 


Upper Permian or Thuringian 
Middle Permian or Saxonian 
Lower Permian or Artinskian (Autunian) 


Another subdivision is that adopted for the marine Permian 
or Dyas by Frech and Noetling, which is as follows: 
Neo-Dyas (with Ceratitic Ammonoids) 
2. Upper division 
1. Lower or Djulfa division 
Palwo-Dyas (without Ceratites) 
2. Upper or Sosio stage = 
1. Lower or Arta (Artinskian) stage. 


In Europe the marine Permian appears separable into two 
geographic provinces, the northern or Boreal, with its chief extension 
into Russia, and the southern or Mediterranean (Tethys), the two 
being separated by the land-mass of Palio-Caucasia. ' 


Tur Norruo Hurorrean BAsIns. 


The Boreal development of the marine Permian is best 


exemplified by the succession of formations which has been preserved 
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on Spitzbergen where all divisions of the series seem to be represented, 
from the Upper Carboniferous to the Trias, as follows: 


Super-Formation: Marine Triassic, Myalina shales 


PERMIAN 


3. 
2. 


Upper shales with Psewdomonotis 


Limestone with Retzia nathorsti and R. (Hus- 


tedia) mormont 


Artinskian, chert and shales, 375-400 m., with 
Productus cancriniformis (Fig. 222), P. post- 
carbonarius, Derbya robusta, Spirifer alatus, 
Spirifer keilhavi etc., together with numerous 


sponge spicules (Pemmatites) . 


Upper Urattan: Spirifer limestone (Schwagerina stage) . 


Far to the south in the Boreal-Russian basin at Nishni-Noy. 


gorod in the Volga Valley, the succession is as follows in descending 


order : 


Limestones with Macrodon kingianum, Leda 
speluncaria, Solemya etc., and with gastropods, 
while brachiopods are more rare. Beds with 
Modiolopsis at the top. 


Limestones with Productus cancrini, Dielasma 
elongata, Strophalosia horrescens (Fig. 223), 
Pseudomonotis speluncara, Bakewellia cerato- 
phaga, Edmondia murchisoni, Schizodus obs- 
curus, and gastropods (Turbo, Pleuwrotomaria, 
Loxonema, etc.) and Fenestella reniformis. 


Siliceous and dolomitic limestones with Fusu- 
linas, corals, brachiopods (Dielasma elongata, 


The Permian System. 319: 


Strophalosia horrescens); Pelecypods: (Pseudo- 
monotis speluncaria, Pecten sericeus, Bakewellia 
ceratophaga, Allorisma elegans) . 


Still farther to the south in the Donetz basin, the Permian, 


here some 2,000 meters thick, shows the following subdivisions*in 
descending order: 


3. Upper Permian—(Tartarian Series) composed 
of red and green marls and shales with friable 
sandstones, and with gypsum and rock-salt. 


2. Mipptr PrrmMian—dolomites with nautiloids 
(Metacoceras, Temnocheilus, Asymptoceras) , 
gastropods and pelecypods, and the brachiopods 
Productus leplayt, Dielasma elongata etc., and 
with Schwagerina princeps. 

1. Lowrr Permian or ARTINSKIAN—alternations 
of shales and limestones with Productus inflatus, 
P. nebraskensis, P. semireticulatus, Enteletes 
carnica, Derbya crassa; and with pelecypods 
and gastropods. At the top are sandstones with 
plant remains (Asterophyllites, Sphenophyllum, 
Pecopteris arborescens, Cordaites, etc.) . 


The eastern border of this basin was formed by the Uralian 


old land, along the margin of which abundant sediments were carried 


by streams into the sea. This resulted in the formation of a great 


series of sandstone deposits intercslated with calcareous beds, which 


mark the periodic extension of the sea. This is the condition in the 


government of Perm, the type region of the Permian deposits of 
Russia. The Lower Permian, or Artinskian, begins with conglomer- 
ates, sandstones and intercalated limestones, which rest with a slight 


discordance upon the Uralian. The fauna consists of a mixture of 
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Carboniferous and Permian species together with many forms appar- 
ently restricted to this horizon. The most important of these are the 
goniatites and related cephalopods, the following being most common: 

Gastrioceras (G. josse (Vig. 224), G. suesst), Paralegoceras tschernys- 
chewt, Agathiceras stuckenbergi, 
A. krotowi, Popanoceras sobolews~ 
kianum (Fig. 225), P. kingian- 


um, Thalassoceras gemmellaroi, 


Pronorites prapermicus, P. post- 
Hig. iis carbonarius, Medlicottia artiensis, 
Productus cancriniformis. Ps : 

M. orbignyana (Fig. 226), and 
Propinacoceras sakmarz. The important brachiopods are Spirifer 
ketthavi, Productus artiensis, P. prepermicus, and P. cancrintformis. 
Plants are abundant in the continental sediments, these including 
Calamites gigas, Cordaites, Callipteris conferta 

(Fig. 227), Pecopteris unita, ete. 

The Artinskian is succeeded by the 
Kunaurtan limestones which enclose the same 
brachiopods as the beds below but carry no 
cephalopods. A transgression of the sea is thus 
indicated but this’ was of short duration, for with 
the beginning of Mid-Permian time the sea again Fig, 223, 
withdrew, and beds of shales with gypsum and SAE a horrescens 
rock salt were formed as marginal lagoon deposits, 
these alternating with sandstones with plant and reptilian remains, 
and with calcareous beds containing Productus horridus (Fig. 228) , 
P. canerint, Camarophoria schlotheimi, etc , and finally with beds 


containing brackish-water mollusks, 

In the Upper Permian the non-marine conditions continued 
to spread, the deposits being terminated by the Tarrarran red beds 
with salt and gypsum, followed in turn by similar beds of Triassic age.’ 
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~ In west Burope, the newly formed Armorican and Variscian 
mountain chains (seo map Fig. 229) completely isolated the basin of 
north Germany and its extension into eastern England, and trans- 
formed it into an arid basin 
which was slowly filled by the © 
waste from these mountains, 
spread by intermittent streams 
over the floor of the depression. 
Thus was formed the Lower 
Permian RorriEGENDEts, a great 
formation of red sandstones with 
_a thickness of a thousand meters. 
The transgression which is signa- 
lized “by the occurrence of the 


Kungurian beds, eventually sub- 


Fig, 224, 
Gastrioceras josse M, V. & K. 


merged this desert basin of north 
Europe, killing the fish fauna of 
the rivers and lakes which by this time had’ 
come to characterize that basin. In this man- 
. ner was produced the remarkable ‘‘Kupyer- 
~\ SCHIRFER?’” which overlies the Rotliegendes of 
3s) some sections in Germany. Then followed a 
AN} period of limestone formation, producing the: 
German Zecustein and the English Macnestan 
Limestone in which the fauna of the Boreal- 


Russian sea existed for a time, certain forms 


Fig.,223a. 
Popanoceras sobolewskian- being So numerous as to produce reef-like 
um M. V. & Ke accumulations of limestones. Through the clos- 


ing of the inlet which had permitted the entrance of the Russian sea, 
the north European basin was converted into an inland salt lake, the: 
progressive evaporation of the waters of which produced the succession 
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-of deposits of anhydrite rock-salt and mother-liquor salts, for which 
this region is famous. Two successive floodings of the basin are 
indicated by the deposits, the evaporation of the waters in each case 
being complete. The -highest series of salt beds 
corresponds essentially to the period of deposition of 
the Tartarian continental beds.* 

There is one outstanding feature of the Permian 
of the northern basin which deserves to be emphasiz- 
ed. This is the essential continuity of a large part of 
the preceeding Upper Carboniferous fauna through 


the greater part of the series; though there are also 
Fig. 225b. many species which make their first appearance. 


Popanoceras sobo- These are probably emigrants from the southern 
lewskianum M. V. 


«& . 2 3 : : 
XK. Ventral view, Permian basin, connection with which was main- 


tained at least during the earlier periods. Essentially 
similar conditions are known to occur in 
the interior deposits of North America, 
-especially those of Artinskian age, and 
here, as in Russia, a considerable number 
-of Carboniferous species continue into tho £ 
Permian deposits... Moreover, many of the # 
species of the two regions are identical or a 
at least very closely related, and it seems 
-certain that these water bodies were for the 


most part in continuous connection through 
the Boreal sea, of which they formed Fig. 226. 
virtual extensions. (Fig. 231, p. 326). Medlicottia orbignyana M.V. & K. 
Tue SournerRn HuRopran Basin. 
(Map Fig. 229.) 

The south European sea, the Tethys of Suess, which played 

‘so important a role in Mesozoic paleogeography, was for the first time 
«For further details see Graban 39, 40, 41. 
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developed to its full extent in Permian time after the formation of 
the Armorican and Variscian mountain chains. This sea was in 
direct connection with the water bodies which covered Asia at that 
time, while a limited connection with the north European basin also 
existed. Along the northern border of this southern sea, extensive 
deposits of alluvial material were formed by the rivers from the newly 
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Fig. 227. Callipteris conferta (Brgt.) 


raised mountains. Portions of these deposits are now included in the 
younger folds of the Alps, being especially well known from northern 
Italy. Hore, near Pisa, the Lower Permian is entirely represented by 
formations of this nature, these being locally known as ‘‘Verrucano’’. 
The series admits of a three-fold division as follows in descending 
order: 
3. Hard micaceous shales and sandstones with the 
following plant remains; Walchia pinniformis 
(Fig, 230), W. flaccida, W. baiera, Ginkgo 
primigenia, Teniopteris multinervis and Cal- 
lipteris conferta (Fig. 227). 


324 Stratigraphy of China 


2. Sandstones, conglomerates, and- violet clay- 
shales, with the - following plant remains: 
Callipterts conferta, C. obliqua, and Sphxno- 
phyllum (Trizygia) arcungeliana. 

1. Shales with Dictyopteris newropteroides, Astero- 
phyllites radiiformis, Sphenopteris lebachensis, 
Sp. bockingiana, Pecopteris dentata, P. hemi- 


telioides, P. oreopteridia, etc. 


Subformation: Coal and anthracite-bearing beds (Upper 


Carboniferous) . 


Fig. 228. Productus horridus Sowerby. 


Tn general, this entire series corresponds to the Rotliegendes 
of the north European basin.” 


Farther south, in the region then characterized by open 
waters, the corresponding marine beds of the Lower Permian were 
deposited. These are today known from only a few localities, for 
subsequent disturbances and erosion haye largely destroyed them, and 
deposition of younger. beds has covered the remainder to a large 
degree. The best known occurrence is that on the island of Sicily, 
where in the province of Palermo, some remnants of these rocks are 
uncovered in the valley of the Sosio river: This so-called Sogsro 
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Limestonn, admits of a two-fold division on a lithological basis; a 
lower compact gray or white Fusulina limestone (Calcare compatio) 
and an upper porous coarse-grained limestone (Calcare grossolano). 
There appear to be several faunal horizons in this series of rocks, 


Lp fio--- 
AM. GRABAU 

$925 
MIDDLE PERMIAN 


Fig, 229. Paleeogeographic map of Asia showing the probable distribution 
of land and sea (black) in Mid-Permian time. The vertically 
lined area in north China indicates the extent of the Shansi Sea, 
and its deposits. : 
representing Lower and perhaps Middle Permian. The faunas, while 
haying a certain relationship to those of north Europe, are on the 
whole more intimately related to those of céntral Asia, many of tho 


more remarkable species being restricted to this southern region and 
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its Asiatic extension. Among these are: Enteletes waagent Gemm. 
(EL. oehlerti), Geyerella gemmellaroi Schellw., Martinia polymorpha 
Gemm., together with the genera Richthofenia and Lyttonia. Gonia- 
tites are also abundant, 
and very characteristic. 
A similar fauna has beon 
found in some of the de- 
posits of the Carnic Alps. 
The marine Upper Per- 
mian of the southern Eur- 
opean basin is best known 
from the deposits known 
as BrLLERopson Limz- 


STONE, which in the sou- 


3 Soreal Pelezogeography-A.W.arabau 1323 . Middle Permian 
Fig. 231. Palsogeographic map of the present Arctic region, showing the 
probabletdistribution fof,land, and‘’sea (black) in mid-Permian 
time, and the route of migration of marine faunas between North 
America and Eur-Asia. 
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thern parts of the Eastern Alps, rests upon older Permian sandstones, 
and is succeeded by Triassic sandstones. It consists of dark, mostly 
bituminous limestones, dolomites, cellular dolomites, (Rauchwacke) 
ash, and gypsum, and aprarently represents a shallow-water, partly 
lagoonal, deposit along the margin of the Upper Permian sea. 

The fauna of this formation is on the whole a peculiar one 
containing remarkably modified Athyroid shells (Comelicania, Jani- 
ceps), and numerous species of Bellerophon (especially B. peregrinus 
Fig. 232), which are 
closely related to, or 
identical with species 
found in the Upper 
Productus limestone of 
India. Pelecypods (Avi- 


culop BolT Bakeweltia, Fig, 232. Bellerophon peregrinus Lbe. Bellerophon 
Plewrophorus, Alloris- Limestones of Mediterranean. 

ma, Schizodus, etc.) 

are common and nautiloids, suggestive of the older series (Plewronautilus 
fugax, Metacoceras hoernesi) occur. Among the goniatites, Paraceltites 
should especially be mentioned, this genus also occurring in tho 
Permian of China. With these also occurs the characteristic Indian 
coral Lonsdaleia indica W. & W. 

THe PerMIAN System mn Astra. 
The Standard Section. 

The standard section of the Permian in Asia is that of the 
Salt-Range in northwest India. Because of its importance it is here 
given in some dotail for comparison with other sections. The original 
subdivisions by Waagen, together with the modifications suggested by 
Noetling, are shown in the following table to which is added the 


suggestion of the hiatus and disconformity between the Lower and 
Middle Productus limestone. 
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Table of the Upper Paleozoic beds of the Salt Range. 
Super-formation: Triassic Ceratite Marls. 


bd - ' Hiatus. *’ 
Fn rrr ee sens 
Waagen’s Subdivisions. Noetling’s Subdivisions. b 
Upper CHIDERU BEDS Upper Zone of Euphemus indicus 
Marls and Sandstones . 
Productus Productus iy Fete d wynnii (Pig. 
3 


Limestone JABI BEDS Limestone + 4, Bellerophon impressus 


Sandy limestones 
(130 feet (with cephalopods) or 1» vy Cyclolobus oldhami 
and less) ’ KUNDQHAT BEDS CHIDERU » 9 Derbya hemisphxrica 
Sandstones 


GROUP » + Productus lineatus 


Middle KALABAGHU BEDS Middle Zone of Xenaspis (Xenodicus) 


Crinoidal limestones, Productus carbonaria (Pig, 234) 
Productus marls and dolomites. Limestone 
or » 9 Lyttonia nobilis 
Limestone VIRGAL BEDS - VIRGAL 
Cherty limestone GROUP 
(270-410 : 
feet) KATTA BEDS » » Fusulina kattaensis** 


Hiatus and Disconformity? 


Lower KATTA BEDS Lower 
P Arenaceous limestones 

Productus Bnd caleareous sand- Productus Zone of Fusulina kattaensis*** 
stones 

Limestone Limestone 

AMB BEDS 

27 to 70 (-Upper speckled or » 9» Spirifer marcoui 

sandstones) 
feet Calcareous sandstone AMB GROUP 


Pendschab SPECKLED SANDSTONE WARCHA Lavendel clay. 


' (Middle and Lower) 
Series Mottled sandstone GROUP Speckled sandstone 
2 followed by gray and ee, 
blue clays - 100 ft. DANDOTE Olive-green z. of Conularia levigata 
400 to 600 GROUP | Sandstone z, of Eurydesma globosa} 
. BOULDER CLAY TALCHIR : 
feet Glaciated boulders Boulder Clay 
in a fine matrix GROUP 


100-200 (ft. 


Hiatus and Unconformity, 


Sub-formation—Lower Cambrian. 

Noetling and Frech regard the entire Propucrus Limrstonr 
as Permian, chiefly because there appears to be a transition into the 
overlying Triassic. Tschernyschew, on the other hand, correlates the 
lower Productus limestone with the Gschellian of the Urals, 7. e. the 
zones of Spirifer marcout and Omphalotrochus whitneyi. The middle 


Productus limestone he correlates with the Uralian, i. e. the beds with 


* See Chapter X. ** According to Noetling. °*** According to Waagen, 
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Productus cora and the Schwagerina beds. Finally he refers the upper 
Productus limestone to the Artinskian or Lower Permian (Permo- 
Carboniferous of the Russian geologists). It must, however, be noted 
that Lyttonia and associates are absent from the Russian Upper 
Carboniferous, though widely distributed in Asia. 
There is however another possible explanation, namely that 
the Salt Range section is incomplete, and that, while the lower 
Productus limestone (mostly sandstone) is the equivalent of the 
Gschellian of Russia, it is separated from the higher 
members by a disconformity which cuts out the 
Uralian and possibly the Artinskian, so that the 
middle and upper Productus limestones represent later 
Permian. This supposition is borne out by the great 
variation in thickness of the lower Productus limestone 
(sandstone), for at Amb, where it is most fossilifer- 
ous, the thickness is only 27 feet, while at Katia it is 
55-66 feet (Waagen 96b, pp. 116, 158). 


Tf this supposition is correct, the break in 


suecession probably lies above the zone with Fusulina 
kattaensis (Katta beds). Waagen himself considered aE ORE 
Medlicottia wynnii 
the lower Productus limestone as possibly Carbonifer- waagen, Ventral 
ous, and he classed the Fusulina kattaensis beds (6 View: 
to 10 ft. thick) with the Speckled Sandstone group, though in: his 
table he still placed it at the base of the middle Productus limestone, 
where Nooetling likewise placed it. The present practice of the Indian 
Survey scems to be the reference of the Katta together with the Amb 
beds, to the Lower Productus limestone (Waagen’s Upper Speckled 
sandstone ) . Pe 
THE Gractan Tiniires: The Pendschab group, or Speckled 
sandstone group proper, begins with the boulder bed of the Talchir 
formation, which rests unconformably upon Cambrian: beds and is 
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sueceeded by sandstones with marine fossils. This is widely distri- 
buted in India, occurring not only in the Salt Range, but also in 
Rajputana, Orissa and elsewhere, and has been reported from Siam. 
It is typical tillite or ancient consolidated boulder clay, resting upon a 
rock surface which is often striated and planed off, and shows 
characters similar to the surfaces on which the Pleistocene glacial beds 
of the western hemisphere rest. Striated boulders, transported for 
some distance, are a characteristic feature of the late Palesozoic, as of 
the Pleistocene glacial deposits. ‘‘Many of the boulders in the boulder 
bed of the Salt Range are striated and polished blocks of Malani 
rhyolites of Vindhyan age (Pre-Cambrian—Sinian System), an im- 
portant formation of Rajputana. These are intermixed with smaller 
pebbles from various other crystalline rocks of the same area, and 
embedded in a fine dense matrix of clay. Besides striations and 
polishing, a certain percentage of the pebbles and boulders shows 
distinct ‘‘facetting’’. The Aravalli region must have beon the home 
of enormous snow fields nourishing powerful glaciers at this time, as 
the size of the boulders, as well as the distance to which they haye 
been transported from their sources, clearly testify to the magnitude 
of the glaciers radiating from it.’”’ (Wadia, 98, pp. 139-140). 
Boulder beds of similar character with ice-borne boulders of 
Malani rhyolites and other crystalline rocks, are found in Rajputana, 
in Marwar (Jodpur State) where they aro known as the Bap and 
Pokaran beds, from characteristic localities. At the latter locality 
occur typical roches moutonnées. 
Boulder beds of similar character, and undoubtedly formed 
during the same period of glaciation, are known from southeastern 
Australia (Muree glacial formation), and South Africa. In the latter 
region the deposit is known as the DwykKa coNGLoMERATE and it 
constitutes the lowest member of the continental Karoo rorMATION. 
It varies in thickness up to 1,000 feet or more and extends from the 
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Indian Ocean, between 29° and 33°30’ south latitude, northward 
approximately to Belfast, westward to the Vaal River, and thence in 
latitude 29° to within less than a hundred miles of the Atlantic, and 
southward to within about 150 miles of Capetown. Its former extent 
was apparently much greater. 

“Tho glacial origin of the Dwyka formation” says Davis, “is 
as unquestionable as is that of the drift sheets of northeastern America 
or of northwestern Europe, but the Permian ice-sheet, by which the 
Dwyka was formed, moyed in general southward from the region of 
the equator to the region of the pole” (Davis 12a p. 401). Tho 
indications are that the Dwyka ice ‘‘was a broad and continuous 
ice-sheet, which spread across about 600 miles of country, east and 
west, and which advanced at least 500 miles poleward from. its 
apparent source. It moyed across a region which bore subdued 
mountains here and there, but which was reduced to moderate relief 
by previous erosion over large areas.’’ (Davis 12a, p. 413). 

| In India tho moyement of the ice was in general northward 
or away from the equator, except locally where influenced by the 
topography. Farther north no evidence of glacial conditions at this 
period is known. In North China, this was a period of erosion 
followed by mixed marine and continental sedimentation (SHANsI 
series) with coals, and later by fluviatile argillaceous marls and thin 
sandstones and coals (LowEr SumiorzE series). These are succeed- 
ed by lateritic deposits, indicating a hot humid climate similar to the 
present climate of parts of India and the Quaternary of Madagascar 
(Upper Sumnorzn serts). Finally there follows a deposit indicat- 
ing arid climatic conditions (SHimcnrenrENe sFRIES). These forma- 
tions will bo more fully noted in a later part of this chapter. Tho: 
Shihhotze series is of Lower Permian (Rotliegendes) age, and the 
Shansi series, - which contains a normal tomperate marine fauna, is 


of Permo-Carboniferous age, to which pericd tho Talehiv of India is 
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referred, though it may be somewhat older. In any case, north 
China was not subject to glacial conditions, Lut was probably a region 
of temperate climate passing into subtropical or tropical conditions in 
Lower Permian time. Thus the late Paleozoic glaciation was con- 
fined to the present tropics in the old world region. 

Davis has presented the facts which show that neither great 
elevation nor changes in Jand-area or Jandform were able to produce a 
glacial climate in subtropical South Africa, or India, nor could any, 
conceivable arrangemcnt of ocean currents produce it. General rofri- 
geration alone, either by a deercase of solar radiation or by a change 

-in the constitution of our atmosphere, without shifting of wind belts, 

would have to be so extreme as to reduce the summer temperature of 
South Africa and Tndia to such an extent that the summer rains 
would become summer snows, while the winters would still be dry 
and extremoly cold. Such a refrigeration would freeze up all the 
temperate lands of the globe and would certainly not permit the 
conditions which then existed in north China and tho development 
there, in Lower Permian time, of a subtropical climate. 

In the prosent state of our knowledge the only satisfactory 
theory to account for these anomalous conditions is that which 
postulates a shifting of the poles of the carth, with an accompanying 
shifting of the temperature zones, and the belts of prevailing winds, 
Tf one of the poles of the earth were situated at that time, in the 
region of the Indian Ocean, the observed conditions of glaciation 
might probably be accounted for. This problem has been discussed at 
some length by Koken (57) with especial reference to India, and he 
gives a map of the world showing the possible position of the poles at 
that time in conformity with this theory. He places the North Pole 
near Tulterango Mexico (Lat. 20° N., l.ong., 100° W. of today) and 
the South Pole in the middle of the Indian Ocean (Lat. 20° S., Long. 
80° E. of today). 
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There is abundant evidence throughout the Paleozoic de- 
posits, to indicate that the prevailing wind belts, and hence the polar 
positions, were different from what they are today, but it is not 
indicated so far whether they were in essentially the same position 
throughout Paleozoic time or whether there was a shifting from period 
to period. As we have seen, the present North polar region was the 
center of coral growth and distribution in Paleozoic time, and it now 
appears that certain portions of the present tropics were centers of 
glacial distribution, at least during the later Paleozoic periods. 

Tur SprecKLED Sanpstone or Penpscnan Series: The 
boulder bed of the Salt Rango is succeeded by beds of olive-green 
sandstone (Danbote Group) which enclose two marine zones, that of 
Hurydesma globosa below, and that of Conularia laevigata above. 
The fossils of this formation are similar to those of the Permo-Car- 
boniferous of Australia, and in both regions mark the return of the 
sea after the glacial conditions had disappeared, though this may have 
beon after an interval of non-deposition of greater or less duration. 
This marine invasion was, however, temporary, for the succeeding 
mottled or ‘‘Speckled’’ crogs-bedded sandstones, 300 to 500 feet in 
thickness, and inter-bedded with red shales, mark a return of con 
tinental conditions. 

Tar Lowrr Propuctus Limesronus. The succeeding sories, 
designated the Lower Productus limestone, consists nevertheless 
mostly of soft calcareous sandstones full of fossils, and with coal-part- 
ings in the lower part. The lower division, which is chiefly sands, is 
known as the AMB sERIEs, while the upper, a crinvidal limestone, 
forms the Karra Beps. The fauna of this entire series is markedly 
distinct from that of the underlying Pendschab series. It is especially 
charactorized by numerous Producti, of which P. cora, P. lineatus, 
P. semireticulatus, and P, spiralis are leading forms. These are 
wide-ranging typos, but suggest a Carboniferous rather than a Permian 
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age. Other characteristic specios are Spirifer marcout Waagen (Fig. 
182, p. 268), Chonetes aimbiensis Waag., Aulosteges medlicottianus 
Waag., Marginifera ovalis Waag., Richthofenia lawrenciana’ Waag, 
(Fig. 252), and’ Hemiptychina sublevis. The Amb group is further 
especially characterized by the great abundance of Aulosteges and 
Marginifera, as well as the abundant occurrenco of Fusulina, and the 
absence of ammonoids. Paleontologically it constitutes the zone of 
Spirifer marcaut. 

The Karra pep or Zone of Fusulina kattaensis is referred 
to the top of the lower Productus limestone, rather than to the base of 
the middle, whore Noctling placed it. It consists of dark’ platey 
limestones of no great thickness, without ammonites, but with 
abundant Pusuline. 

On the whole, this fauna is quite distinct from that of the 
middle Productus limestone, and it is not unlikely that these two 
divisions are separated by a hiatus and disconformity. In that caso 
the lower Producius limestone is probably of Uralian age, and may 
indeed represent the Gschellian horizon of Russia, as held by Tscher- 
nyschow. 2 
Tur Mippite Propucrus Limusronn. The middle Productus 
limestone is the thickest and most characteristic member of the series, 
and consists mainly of blue or gray limestones, which are important 
cliff-formers in the Salt Range. With theso limestones occur fre- 
quontly white or cream-colored dolomite layers and marls, the latter 
furnishing most of the fossils. Many fossils aro silicified, and chert is 
- common, ‘ 

Tho number of species of fossils known from this formation 
is considerablo, especially among the Brachiopoda. Most characteristic 
- among these are Lyllonia nobilis Waag. (Vig. 240), and Oldhamina 
decipiens Waag. (Fig. 258), forms which are wide-spread in eastern 


Asia, but of limited vertical range, and hence eminently adapted for 
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correlation. Among other charactoristic species may be noted Cama- 
rophoria purdont Day., Uncinulus timorensis Beyr., Notothyris inflata 
Waag., WV.. subvesicularis Waag., Hemiptychina himalayensis Dav., 
Enteletes latesinuata Waag., Eumetria grandicosta (Dav.), Spirigerella 
derbyi Waag., Athyris roysst 1 Ev , A, globulina Waag., A. subexpansa’ 
Waag., Spirifer wynnit Waag. 
(Fig. 279), S. musakheilensis 
Dav., S. alatus Schloth., Spi- 
riferina cristata Schloth., Der- 
bya grandis Waag., D. ver- 
cherit Waag., Streptorhynchus 
pectiniformis Day. (Fig. 257), 
Productus Uineatus Waag , P. 
spiralis Waag., P. indicus 
Waag., P. gratiosus Waag., 
P. tumidus Waag., P. abicht 
Waag. (Fig. 238), P. sertalis 
Waag.. P. opuntia Waag., 
Chonetes semiovalis Waag., 
C. grandicosia Waag., Chone- 


tella nasuta Waag., Margini- 


fera typica Waag., and Richt- 


hofenia lawrenciana Waag. 


Fig. 334. 
(Hig. 252) Xenaspis carbonara Wange ium si 
g. 5 ACNASPLS CAPOGNATLE aagen a-b. medium sized 


=a shell; c. septal suture X14 d. internal suture 
Characteristic bryo- Xb 


zoans are: Lenesiella perele- 

gans Meck, Polypora koninckiana Waag., and P. gigantea Waagen. 
Corals are charactoristic, these including Lonsdaleia salinaria Waag. 
(Figs: 287a, b.), Michelinia indica Waag., Dybowskiella grandis 
Waag., Aracopora ramosa Waag., Hexayonella ramosa Waag., and 


Amblysiphonella vesiculosa de Kon. In the highost beds occurs the 
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only ceratitic ammonoid, namely Xenodiscus (Xenaspis) carbonarius 
Waag. (Vig. 334), which is abundant there. 

THE Upper Propucrus Limesronn. The upper Productus 
limestone is again a prevailingly arenaccous series, consisting of 
sandstones with carbonaceous shales, and with subordinate beds of 
limestone and dolomite. Yellow and rusty-brown colors prevail, 
Vossils are abundant, most noteworthy among them being the early 
ammonoids, which are chiefly found in the upper or CHiperu BEDs, 

- whore they are associated with numerous pelecypods but few brachio- 
pods. The latier are more characteristic of the lower members of thig 
series. 

The cephalopods include tho following forms:  Medlicottiq 
wynnit Waagen (Fig. 233), Cyclolobus oldhami Waag., and Popano- 
ceras priscum (Waagen). The gastropods are principally represented 
by Bellerophontids, including Bellerophon impressus Waag., B, 
jonesianus de Kon., B, affinis Waag., Euphemus indicus Waag., and 
Bucania ornatissima Waag. The pelecypods belong to the genera 
Myophoria, Schizodus, Lucina, etc. The characteristic brachiopods 
include: Derbya hemispherica Waag., Strophalosia indica Waag., 
Productus purdoni de Kon., P. indicus Waag., P. lineatus Waag., P. 
abicht Waac. (Fig. 258), P. serialis Waag., Spirigerella grandis 
Day., and Oldhamina dectpiens do Kon. (Fig. 258). In the uppor 
beds the bryozoan (?) Hntalis herculea de Kon. is extremely abundant, 


THE PERMIAN ELSEWHERE IN WESTERN AND CENTRAL ASIA. 


Asta Minor. As we hayo seon in tho preceeding chapter, 

_ Fusulina limestone is well developed in southern and western Asia 
Minor but there is a difference of opinion as to whether this is to be 
classed as Upper Carboniferous or Lower Permian; Dyhrenfurth hag 
placed most of thom into tho Permian. At Balia-Maden a continuous 
soction, including Upper Carboniferous and Lowor Permian, has been 


The Permian System. 387 


found. In the nothern part where, as at Eregli, the Upper Carbon- 
iferous is represented by continental sediments, it is followed by red 
sandstones, shales and conglomerates, which havo been classified as 
Rotliegendes or Lower continental Permian. From near Amasia, 
some plant rcmains have been reported which indicate the continental 
phase of the Lower Roiliegendes. : 
Dyutra SECTION AND Prrsta. About eight kilometers west 
of Djulfa, on the Araxex River, and upon the Russian border, lies a 
series of marly limestone which contains a fauna representing an 
intermediate phase between the European and Indian late Paleozoic. 
These beds, called the Djulfa beds, have been regarded as representing 
the Lower Neo-dyas, or approximately Middle Permian, comparatlo to 
the lower Zechstein of Europe or the higher Producius limestones of 
India. The fauna consists largely of brachiopods and mollusks, 
especially cephalopods, of which more than half the number appear to 
be peculiar to the Permian. Of the widely distributed species, the 
majority are closely related to, or identical with, those of the Upper 
Productus limestone of India, while the relationship to the Russian and 
German Permian (Zechstein) is more remote; similar beds are found 
in the Elburz mountains. Jn central Persia beds of Permo-Carboni- 
ferous age are found at the village of Soh, in the Kohrud mountains. 
They contain a remarksble fauna, some species of which if correctly 
identified, are of Devonian habitus. The following is a partial list of 
those recorded: Waldheimia whidbornii, Rhynchonella elliptica 
Schnur., (Calceola beds of the Eiffel) Regina semiramis, Nyassa 
dorsata Gf., Spiriferint cristata Schl. (Productus limestone of India), 
Eumetria indica Waag, Athyris cf. roissyi Levillé, Athyris cf. 
lamellosa, Terebratula vesicularis and others. In western Persia, beds 
similar to those of the Indian Salt Range have been found in the 
Kaliankuh, in the Bachtiary district. They consist of black and gray 


limestones containing: = Pseudophillipsia cf. elegans Gemmellaro, 
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Nautilus cf. tubercularis Abich, Bellerophon cf. squamatus Waag., 
Murchisonia conjungens Waag., Productus striatus Fischer, Orthothetes 
crenistria Phill , Streptorhynchus cf. pelargonatus, Productus helicus 
Abich, Spirifer lineatus Mart., Spirtgerella grandis Davies, Miche- 
linia, Lonsdaleia, etc. 

TurKEsTAN AND Sinxyanc. In east Bokhara, the Upper 
Carboniferous is followed conformably by a great series of marly and 
sandy-caleareous sediments with alternating beds of tuffs, frequently 
with fusulinas and with conglomerates, sandstones and clays, with — 
slate and gypsum predominating in the upper part. The highest 
members are sandstones with mullusks, brachiopods and bryozoans: 
Myophoria darvasana, Clidophorus sp., Avicula sp., Martinia kraft, 
Spirigera. An impression of a ceratito referablo to Medlicottia or 
Propinacoceras wag found in a pebble in the Tortiary conglomerates. 

The lower division of the Permian has been found to contain 
a rich fauna of fusulinas, bryozoans, corals, cephalopods and brachio- 
pods including on the Obi-Rawnou river, Darwas, the following; 
Dielasma elongatum, Hemiptychina darvasica, Lyttonia nobilis, 
Athyris protea var. alata, Ambocoelia tellert, Enteletes elegans, Orthoti- 
chia morgani, Productus cf gratiosus, P. aculeatus, P. lineatus, 
Aulosteges aff. medlicotti, Clinopistha radiata, Schizodus wheeleri, 
Bakewellia cerathophaga, Pecten edclsteini, etc. Tho Permian beds are 
in turn succeeded concordantly by Triassic strata of Scythian age, and 
it seems that the Permian is fully developed in this region, 

It is not improbable that some of the limestones referred to 
the Upper Carboniferous in the western Kwenlun, represent in reality 
Lowor Permian or Permo-Carboniferous. This appears to be the case 
-with the limestones found in the Tisnab basin on the left bank of the 
Gussass river. hese too, lie uncomformably upon folded Mogcovian, 
sediments and contain tho following species: Productus ? tibeticus, 
Orthis cf. indica, Athyris sp., Streptorhynchus difficilis, Martinia. 
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planoconvexa, Bellerophon sp. Beds perhaps of similar age, are found 
in the border region between the Tianshan and the Alai at Alaiku. 
They rest unconformably upon the Lower Carboniferous and consist of 
shales, sandstones, breccias and conglomerates. In the shales impres- 
sion of Helicoprion? have been found. 

Between the western Kwenlun and the Karakorum ranges, 


the Triassic sediments are found locally to rest upon limestones which 


an 
B77 SOS 
Brsaccn eed 


Ness! 


Me. 


Fig, 585. Spirifer tibetanus. 


in some cases, contain Permian fossils, as at Woabdschilga, where the 
following have been found:  Xenodiscus peregrinus..or carbonarius, 
Gastrioceras abichianum,? Orthoceras sp., Nautilus convolutus? This 
fauna appears to be of the age of the Djulfa beds of Armenia, In the 
south-eastern and southern part of the middle Kwenlun, Permian beds 
have been recognized at several localities. At one of these, west Bs 
Lant-choufu, on the Tatungho, theso beds are developed in brackish 
facies consisting of alternating sandstones and shales with trails of 
worms, carbonized plant remains and impressions of Allorisma cf. 
perelegans. 

SipertA anpd Mongorra: Continental Permian beds are 
found in the Altai region and the Kusnezk basin of Siberia, the flora 
of these beds already including species of Mesozoic affinity. They are 
described more fully below. These beds are succeeded by the contin- 
ental ANGARA sERIES. Marine Permian beds, on the other hand, 


were deposited in the Mongolian geosyncline whore in latitude 44° 437 
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N., and between longitudes 107° 30’ and 108° E., Professors Berkey 
and Morris, of the Third Asiatic Expedition, discovered strata with 
Lyttonia and other Permian fossils. This water-body continued 
eastward to the Pacitic where, as will be shown later, marine beds of 
this age occur in the vicinity of Vladivostok and elsewhere. 

During the second season’s field work’in Mongolia, Professor 
Morris made an extensive collection of fossils from the Lyttonia beds 
at Jisu-Honguer which is definitely located in Lat. 42° 18’ N., Long. 
109° 43’ H. Among the most characteristic fossils of these beds is a 
great series of mutations of Spirifer rahja while S. tibetanus (Vig. 
333), is also present.* This formation appears to lie directly upon 
older rocks overlapping the Dinantian of Sair-Usu. 

HiMaLayan GEOSYNCLINE. This important water-way was 
the site of extensive marine deposition in Middle and Upper Permian 
time, and formed the main line of communication between the basin 
of China and the European region, though a broad connection with 
the Indian Ocean existed on the south (See Map, Fig. 229). The 
central Asiatic area, which joined it to the Mongolian geosyncline, 
was a part of this essentially Asiatic Permian or Indo-Pacific region, 
which opened on the one hand into the Mediterranean basin on the 
west, and on the other to tho Russian basin on the north. The latter 
connection was probably intermittent, and on the whole not very 
effective, this being indicated by the essential distinctness of the 
faunas of the two regions. The connection with the Mediterranean, 
though more effective, was probably also at times incomplete, so that 
in the two regions there were developed essentially distinct faunas. 
The typical succession shown in the Salt Range of Western 
India has already been described (p. 228). This probably lay nearer 
the southern margin of the geosynclinal area, though well away from 


* These fossils are now being studied in the Suryey Laboratories. 
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the coast, permitting an extensive development of calcareous beds. 
We shall next note the development of this system in Kashmir on the 
north, and then consider some of the typical known ceeurrences in the 
region of the modern Himalaya Mountains. 
Kashmir, As has been shown in ihe preceding chapter (p. 
287) the Panjal volcanic series is followed by novaculites and siliceous 
shales which include a Lower Gondwana flora’ with Gangamopteris 
(G. indica) and other plants, indicating the horizon of the Talchir 
series of the Indian Peninsula. At Zéwan, in the Vihi district of 
Kashmir, these beds are succeeded by fossiliferous shales and lime- 
stones of Permian age, constituting the Zewan Sertrs. The following 
section gives a summary of this series. 
SUPER-FORMATION Meekoceras beds of the Lower Triassic 
Hiatus and Disconformity (See Chapter X) 
ZiWAN SERIES: 
4, NXenaspis curbonaria zone. Shales and ; 
cerenthaperray conan ati; 
Marginifera himalayensis zone. Dark 


thin-bedded limestones .... 


co 


arenaceous shales, micaccous and car- 
bonaceous, with limestone intercalations 
atthe bases act. nis. weskffis debts at BOOM 
2. Protoretepora zone. Shales and lime- 
SLONOS...reveseesesseeceerteeetee sense penvesses OO Lb, 
1, Hemiptychina zone. Dark gray limos 
stones with shale partings................... 60 ft. 

SUB-FORMATION; Gangamopteris beds. 

The lowest, or Hemiprycatva zone, is characterized by the 
following brachiopod fauna: Productus cora d’Orb., P. purdoni 
Dav., P. gangeticus Diener, Marginifera spinocostata Ab., Spirifer 
fasciger Keys,, Spirigerella (Athyris) derbyi Waag., Camarophoria. 
purdont Day., and Hemiptychana himalayensis Day. 
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The PrororETEPoRA ZONE abounds in this characteristic 
bryozoan, which is however, not wholly restricted to it. The fauna is 
rich in individuals though poor in species. The following have been 
identified: Lyttonia nobilis Waag., *Spiriferina zewanensis Dien., 
Derbya? sp. and Protoretepora ampla Lonsd. 

The third zone, with Marginifera himalayensis is divisible 
into three subzones. The lowest, comprising mostly limestones, is the 
subzone of Productus indicus and is chiefly characterized by the 
predominance of Producti belonging to the section of semireticulati. 
The fauna includes the following species: Aviculopecten cf. hiemalis 
Salt., Productus indicus Waag., P. spiralis Waag., P. gratiosus 
Waag., P. abichi Waag. (Fig. 238), P. gangeticus Dien., P. cancrini 
Vern., P. cf. cancriniformis Tschern. (Fig. 222), Marginifera hima- 
layensis Dien., M. vihiana Dien., Spirifer rajah Dien., Spiriferina 
cristata var. fastigata Eclicllw., S. cf. vercherit Waag., *Spirigera 
xetra Dien., S. royssit Ley., S. subexpansa Waag., Camarophoria 
purdont Day., Dielasma biplex Waag., D. acutangulum Dien., Hemip- 
tychina himalayensis Dien. 

The main Marginifera sub-zone is characterized by the follow- 
ing fauna *Humicrotis middlemissi Dien., *Productus waagenianus 
Girty, P. abicht Waag. (Fig. 288), P. gangeticus Dien., Margini- 
fera himalayensis Dien., Chonetes lissarensis Dien., Lyttonia nobilis 
Waag., Spirifer fasciger Keys., S. nitiensis Dien., S. rajah Salt., 
Spiriferina cristata var. fastigata Schellw., S. ornata Waag., *S. 
zewanensis Dion., Spirigera cf. gerardi Dien., S. subexpansa Waag., 
Camarophoria purdoni Dav., and Dielasma latouchii Dien. The 
three leading species of this zone are Produclus waagenianus, Margini- 
fera himalayensis and Spirifor rajah. 

The chief character of this subzone is the absence of Producti 
of the semireticulatus section, but otherwise they are intimately con- 
nected paleontologically as well as stratigraphically. 
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The third subzone is that of Spirifer rajah. This species 
predominates, though it is by no means restricted to it. The fauna of 
this zone includes: Productus aff. cancrini Vern., P. abichi Waag., 
P. gangeticus Dien , Chonetes cf. vishnu Salt., Spirifer fasciger Keys., 
8. rajah Salt. 

The highest zone, or that of Xenaspis carbonaria is quite 
distinct from those underlying it, being characterized in addition to 
_ the zone fossil, by many pelecypods of the genera Humycrotis, Pseudo- 
monotis, Aviculopecten, Plewrophorus and Schizodus. Brachiopods are 
also abundant in some sections including the following species: 
Productus cf. purdoni Day., P. indicus? Waag., P. spiralis Waag., 
P. abichi Waag., P. gangeticus Dien., *P. waagenianus Girty, Mar- 
ginifera himalayensis Dien., M. cf. helica Ab., and Chonetes lissarensis 
Diener. 

One of the noteworthy facts is the entire absence of Fusulinse 
in the Permian beds of the Himalayas, though they are found in the 
Salt Range, in Afghanistan, and in Burma. Corals are rare, but 
crinoids are well represented by their stem joints. Among the bra- 
chiopods Productus waagenianus Girty is noteworthy, as that was 
originally described from the Guadaloupian Permian of Texas, thus 
showing trans-Pacific faunal migration, probably by way of the Mon- 
golian geosyncline and the present north Pacific coastal region. 

With slight exceptions (those marked by an asterisks*) all 
the species listed above are also found in the Kuling shales and 
Chitichun limestone of the Central Himalayas and in the Productus 
limestone of the Salt Range. Among the exceptions are ‘Productus — 
waagenianus Girty and Marginifera spinocostata Ab., characteristic 
Permian species, the first of Texas, the second of western Asia. 

Spiti Region. The most complete development of the later 
Palaeozoic beds known in’ the Himalaya Mountains is that found 
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the Tibetan border. In the vicinity of Muth and elsewhere, white 
quartzites about 500 feet thick, and probably of pre-Carboniferous age, 
are overlain by a few hundred feet of gray flaggy limestone. This in 
turn is followed by the Kunine shales, a great series of sandstones 
and shales which have yielded a fauna of Permian age, and are the 
equivalent of the Propucrus Snares of the central Himalayas. 
Between the Kuling shale and the flaggy limestone is a pronounced 
disconformity, the higher series beginning with a thin bed of conglo-— 
merate. In other sections an extensive series of grits and conglomera- 
tes (Po Srries) underlies the Kuling shales disconformably and 
passes down into several alternating shales and quartzites. In the 
lower Spiti valley, this series is at least 3,000 feet thick the limestone 
and Muth quartzite not being exposed, but in the Lipak river, above 
Lio, both the Muth quartzite and the gray limestone (Lrpax Serres) 
are present, the thickness of the entire succession, from the base of the 
Muth quartzite to the disconformity at the base of the Kuling 
(Productus) shales, being not less than 5,000 feet. 

In the beds of the Po Serres overlying the gray limestone 
(Lipak Series) three fossiliferous horizons have been discovered, 
situated at about 500, 1,000, and 1,500 feet respectively, below the 
Kuling beds. The upper two have been called Fenestella beds on 
account of the abundance of Bryozoa. The lowest (Thabo) fossil 
horizon consists of dark gray and black shales and contains many 
plant remains of the Culm type. 

The age of the white Muth quartzite is indeterminate. The 
flaggy limestone above it has yielded a small fauna which includes 
Syringothyris cuspidata. This is the Lipak series of Dinantian age 
(seo p. 235). A richer fauna has been obtained from equivalent beds 
in Kanaur, where the series is typically developed. 

Tho plant remains of the next fossil horizon, the lowest of 
the Po Series, are indeterminable, but the upper fossil beds or Fenes- 
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fella beds have yielded a small fauna, of which the following have 
been definitely identified : Productus undatus Defr., P. scabriculus 
Mart., and var. spitiensis Diener., P. nystianus var. lopingensis 
| Kayser, Lrotoretepora ampla Lonsd. The occurrence of Products 
nystianus var. lopingensis, a form originally described from the Loping 

= beds of China, suggests Permian age, but it is probable that this form 
(if correctly identified) may have a much longer range, and that the 
series is more probably of ‘early Uralian (Ggchellian), if not of 
Moscovian age. As before noted the horizon is probably not younger 

3 than the lower Productus limestone or Amb series, and may be 

= somewhat older. If a disconformity really exists between the Amb 

» series and the middle Productus limestone, as seems to be the case, it 

: is probably the same disconformity which separates these lower beds 

4 from the Kuling shales. ‘The Po Series, like the Fenestella shales of 

; the Kashmir region, was deposited during the period of contracted 
«seas following the Taiyuan expansion, and represented a local or 


3 provincial faunal unit. (see ante, p. 289.) 


The Kurina Surtes is divisible into threo parts as follows; in 
descending order: | al 
C. Black shales with limestone partings (Produetus shales, ; 
or Kuling Shales proper.) 
B, Caleareous sandstones. 
A. Unfossiliferous grits and conglomerates. 
Disconformity. | 
Lower Series. | 
Tho black Kuling shale is succeeded by the Otoceras beds of 
the Triassic, there heing probably a hiatus between, though, according 
to Noetling and Diener, there is no break in successions.* In 


Kashmir the Zéwan beds form its equivalent, 


arene rmnetontsineeet tanta harhennensageraten hee 


* See the discussions of this question in Chapter X. 
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The Kuling shale is correlated with the Upper Productus 
limestone. or Chideru group (Noetling) of the Salt Range, and tho 
Calcareous sandstone (B) with the Middle Productus limestone or 
Virgal group (Noetling). The basal beds (A) are probably to be 
classed with the lower part of the group. Thus the disconformity 
which separates this upper from the lower series falls at the base of 
the Virgal group, where, as before suggested, there is probably the 
same disconformity separating the Middlé and Lower Productus lime. 
stones, 

From the calcareous sandstone (B) has been obtained a 
fauna rich in numbers, though rather poor in species. Tho forms 
definitely identified include: Psxecyrops: 1 Oxytoma laticostatum 
Nitsch., Bracaiorops: 2 Spirifer fasctger Keyser. 3 S. nitiensis 
Dien., 4 S. distefanit Gemm., 5 S. marcout Waag., 6 Spirigera 
gerardt Dien., 7 Diclasma latouchit Dien., 8 Aulosteges cf. gigas 
Nitsch. Numbers 1, 2, and. 6 are also found in the Kuling shales, 
and numbers 1, 4 and 8 are European Permian species. 

The Kuling shale has a fauna more numerous in species of 
which two, Marginifera himalayensis Dien., and Spirifer rajah Salt., 
including .such mutations as S. tibetanus (Fig. 235), are the most 
abundant and characteristic, as well as the most widely distributed 
forms. Two ammonoid genera Cyclololus (C. insignis Dien., C. 
kraffti Dien., C. haydent Dien., C. cf. oldhami Waag.), and Xenaspis 
(X. cf. carbonaria Waag.), point strongly to an equivalency with the 
Upper Productus limestone, and the other fossils do not negative this 
correlation. Other characteristic species are: Chonetes lissarensis 
Dien., Myophoria kraffti, Modiolopsis teplofi Vern., Solemya biamica 
Vern., etc. 4 . 
These shales and calcareous sandstones should probably be 
considered the nearer shore deposits of the Permian series in the 
Himalayan geosyncline, their more open water equivalents being the 
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Productus Limestone of the Salt Range. The Kuling shale is repre- 
sented in the Central Himalayas by the Productus shales of Johar and 
Painkhanda, the Lyssar Valley, and Byans. In the Niti district, thie 
Productus shales may represent both the Middle and Upper Productus 
limestone. 

_ Chitichun: The limestone facies is again met with north of 
the main belt of sedimentation in the Central Himalayas in the peak — 
known as Chitichun No. 1, in the Hundes district of Tibet, between 
the Leptal range and the head of the Dharma valley, The rock is a 
white, partly semicrystalline limestone, alternating with layers of red, 
arenaceous, or earthy limestone and with lenticular intercalations of a 
red crinoidal limestone. The series is from 300 to 450 feet in 
thickness and apparently rests on Spiti shale (Barriasian stage of the 
Lower Cretaceous) probably as the result of thrust faulting. The 
fauna is a rich one, forty-eight species having been recorded by Diener 
(15). Brachiopods predominate with forty species, including such 
characteristic forms as Productus lineatus Waag., P. cora d’Orb., P. 
semireticulatus Mart., P. cancriniformis Tschern. (Fig. 222), P. 
abichi Waag. (Fig. 288), P. mongolicus Dien., Marginifera typica 
. Waag., Aulosteges tibeticus Dien., Lytionia nobilis Waag. (Fig. 240), 
Spirifer musakheylensis Dayids., S. wynnit Waag. (Fig. 278), 8. 
tibetanus Diener (Fig. 385), Martinia elegans Dien., M. nucula 
Rothpl., M. semiplana Waag. (Fig. 251), M. acutomarginalis Diener, 
M. contracta Meek and Worthen, Reticularia lineata Mart., Athyris 
(Spirigera) royssi VEy., A. subexpansus Waag., Spirigerella derbyt 
Waag., S. grandis Waag., Enteletes tschernycheffi Diener, Uncinulus 
timorensis Beyr., Camarophoria purdoni Dav., C. gigantea Diener, 
Hemiptychina himalayensis Dav., H. sparsiplicata Waag., H. inflata 
Waag., Dielasma biplex Waag., and Nothothyris triplicata Diener. 
Of cephalopods Diener records Stazheoceras trimurti Dien., ‘and of 
tribobites, Phillipsia middlemisst Dien., and Cheiropyge himalayensis 
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Diener. The fauna shows that this limestone corresponds to the 
upper part of the Middle Productus limestone, being apparently 
deposited in the same basin. 

Compared with western Europe, these limestones are most 
probably to be placed above the Sosio limestone of Sicily, probably 
corresponding more nearly to the age of the Bellerophon limestone, 
though that is a marginal, and in part lagoonal deposit, and therefore 
has a distinctive fauna. The occurrence in that limestone, however, 
of the characteristic Asiatic coral Lonsdaleia indica (Vig. 336), 
furnishes a strong argument in support of this correlation. As we 
shall see presently, these horizons are represented in China by deposits 
formed during the same period of marine transgression, and in general 
continuous with those of the Himalayan geosyncline. 

Burma In the Shan States of Burma the crystalline 
dolomites with the Calceola fauna (Hifclian division of the Devonian) , 
are followed disconformably by the Upper Plateau limestone. This is 
partly dolomitie and brecciated and in the main unfossiliferous. It is 
sueceeded disconformably by the Napeng beds of Rhetic age. The 
lower part of the Plateau limestone may be of Dinantian ago, but in 
the upper part fossils of Permian age have been found, corresponding 
to those of the Salt Range and the Himalayas above noted. 

Fossils have been obtained from four localities (Diener 19) : 
(1) In the Southern Shan States certain bands of shaly limestones 
and marls, in the hills between Hopong and Mongpawn, have yielded 
fossils of the age of the Middle Productus limestone of the Salt Range. 
In the northern Shan States fossils have been found on the limestone 
plateau at (2) Namun (Tat. 22° 18’ N., Long. 97° 41’ E.) where 
shaly limestone yielded numerous /enestelle and brachiopods of the 
same age; (3) near T'onbo, cast of Mandalay, where Fusuline also 
abound; and (4) near Kehsi Mansam, where Fusulinx, brachiopods 
and corals occur. The faunas of the first two and the last localities 
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suggest in a general way the same stratigraphic horizon, which is that 


of the Middle and Upper Productus limestone of the Salt Range. Out 


of 47 forms, which are specifically determinable, the following 30 


(about 64%) are identical with, or closely allied to, Salt Range 


species. (A, Méngpawn, B. Namun, ©. Kehsi Mansam. ) 


ANTHOZOA 
it 


BRYOZOA 


IO a pe w 


BRACHIOPODA 


10. 


Lonsdaleia indica Waag. & Wentz. 
(Fig. 236) 


Hexagonella ramosa Waag. 
CGeinitziella cf. columnaris Schloth. 
Fenestella cf. perelegans Meek 
Polypora cf, ornaia Waag. 

P. cf. biarmica Keyserl. 


P. cf. megastoma de Kon. 


Spirvifer fasciger Kayserl. x 


S. striatus Mart. 

Reticularia cf. lineata Mart. 
Spiriferina eristata Schloth, 
Spirigera roysst L’ Ky. 
Spirigerella derbyi Waag. 
HHustedia remota Bichw. 


Streptorhynchus ci. semiplanus Waag. 


Schizophoria indica Waag. x 


Oldhamina cf. decipiens de Kon. 
(Fig. 258) 

Productus cora VOrb. (Fig, 180) 
P, gratiosus Waag. 

P. abicht Waag. (Fig. 238) 
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21. P. cylindricus Waag. x 
22. Strophalosia costata Waag. x 
23. 8. cf. indica Waag. x 
24. 8S. cf. horrescens de Vern. (Fig. 223) x 
25. Chonetes cf. squamulifera Waag. nga 
26. Chonetes grandicosta Waag. x 
27. Dielasma biplex Waag. 
28. Notothyris simplex Waag. 
29. Camarophoria cf. purdoni Day. va Sota 
30. Uncinulus timorensis Beyr. x 


The Permian age of these beds is thus undoubted and it is 
clear that they belong to the same zoogeographic provine? as do the 
Indian, Mongolian and Chinese Permian formations. They are 
indeed a part of the deposits formed in the characteristically Asiatic 
Lyttonia sea of the Middle Permian and its successor in the Upper 


Permian, 


Foraminifera are represented in the Burmese Permian only 
by Fusulina elongata, a form widely distributed in Asia, being known 
as far west as Afghanistan, and also occurring in the Texan (U.S.A.) 
deposits. 


Corals are rare, the only species being Lonsdaleia indica Waag. 
a characteristic form of the Productus limestone, and of the equivalent 
beds of Indo-China. This species has also been found in the Permian 
Bellerophon limestone of the southern Alps, which thus appears to 
hold the same stratigraphic horizon. The brachiopods are chiefly of 
Indian types, though an important new species of strophomenoid shell, 
Streptorhynchus shanensis Diener is peculiar to this more eastern 
region (Kehsi.Mansam). Another unique brachiopod is Rhipidomella 
imitatriz, The relationships of the Producti are almost equally strong 
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with the Upper Carboniferous of Russia, and the Productus limestone 
of the Salt Range, but the species with Russian affinities are chiefly 
such as have a wide vertical range.’ Among the Chonetide the most 


striking form is Chonetes grandicosta, which belongs to a group of 
exclusively Indian habitat. 


MARINE PERMO-CARBONIFEROUS AND PERMIAN IN CHINA 
AND Apgorninc Disrricts. 


Throughout north China, continental coal-bearing beds of 
Permo-Carboniferous age, but with marine intercalations, rest discon- 
formably upon the TAIYUAN sErIES. These beds constitute the Suansr 
SERIES, as that term has been officially restricted by the Geological 
Survey. No higher marine beds are found in north China, but these 
are known from central and south China and from Indo-China, the 
Malay Peninsula and Japan. They will be considered first. 


SOUTH CHINA, INDO-CHINA AND THE BORDERS 
OF THE ASIATIC CONTINENT: 


EK. Yunnan. As has been noted above, the beds classed by 
Deprat as Upper Uralian (Zones 3 to 10 on p. 297) in eastern 
Yunnan, were referred by Frech to the Lower Permian. They may 
be the marine equivalents of the Shansi series (Permo-Carboniferous) 
of north China, though this is still undetermined. The Permian of 
Yunnan was subdivided by Deprat as follows: * 
Upper Permian 

7 Labradoritic rocks (eruptive) 

6 Gypsiferous sands and marls 

5 Heavy conglomerates 

4 Caleareous beds, with Neoschwagerina multiseptata Deprat 

3 Limestone with Neoschwagerina globosa Yabe, N. (Suma- 


* This must be regarded as provisional and subject to revision, 
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trina) annx Voliz, Doliolina pseudolepida Depr., Schwa- 
-gevrina douvillii Depr., Fusulina exilis Schwager, and 
EF. margheritit Depr. 
Middle Permian 
2 Limestones with Schwagerina verbecki Gein. (dominant), 
and Jusulina richthofeni Schwager, /. mansuyz Deprat, 


I, minima Deprat, ete. — 


Lower Permian 
1 Beds with Spirifer blasii Vern., Martiniopsis inflata 
Waagen, Athyris angulata Mans., Spirigerella grandis 
Waag., Camarophoria globulina Phillips, Naticopsis 
spiriformis Mans. 
Sub-formation - Upper Uralian 

Inpo-Cui1na anbd Siam. While Productus limestones of the 
horizon of Schwagerina princeps ave well developed in Tonking and 
Laos, whore they constitute the so called Productus limestone of those 
states (Mansuy, 63,64), higher. beds are less well known, though beds 
with Lyttonia are found at Hongay in the Haiphong district, (Colani 
11). 

Tn the Lang-son quadrangle, at. Lang-nac, Tonking, a lime- 
stone with Lonsdaleia indica Waagen (Fig. 236) has been discovered 
indicating the Middle Productus limestone horizon, or approximately 
Middle Permian. What is probably the same horizon, with a frag- 
ment of a Xenodiscus shell, and with Productus nystianus var. lopin- 
gensis Kayser, occurs in Upper Laos, at Ban-Na-Hsi, while at Hoei- 
Tumm-Tae beds with Pseudomonotis gasforthensis King, may repre- 
sent this or a somewhat younger horizon. 

The most complete development of fimesiones of Middle 
Permian age is however found in Cambodia (Cambodge) in southern 
Indo-China. The so-called Productus limestone of Cambodia, found at 
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Sisophon, Ta-kreem and elsewhere, is clearly that of the Middlo 
Productus limestone of the Salt Range of India, and is younger than 
the Productus limestone of Tonking and Laos above noted. In 
addition to a large number of new species, this limestone contains the 
following species found in the Productus limestone of India: (Stein- 
mannia gemina W. & W., Lonsdaleia 
salinaria W. & W. (Big. 237), Geinit- 
ziella crassa W. & W., Productus abichit 
Waagen (Mig. 238), P. gratiosus Waagen, 
Strophalosia rarispina Waagen, Reticula- 
ria indica Waagen (Fig. 229), Notothyris 


Vig. 236a. 
Lonsdaleia indica W. & W. nat. 
and Lyttonia nobilis Waagen (Big. 240), 7° 


wartht Waagen mut, cambodgiensis Mans., 


The highest Permian series which has been investigated in 
some detail is that of Luang-Prabang, in Upper Laos. Three distine- 
tive horizons are recognized. These com- 
prixo (a) compact black limestone, very 
thick and containing Neoschwagerina 
globosa Yabe, Sumatrina anne Volta 
(Hig. 241), Fusulina exilis Schwager 
(Fig. 242), Lonsdaleia indica Waagen 
(Fig. 236), Lyttonia cf. tenuis Waag., 


and a number of new species. The next 


ig oR ea" division (b) consists of graywackes with 
ion whtlste indica W. & W. single Lyltonta nobilis Waagen (Vig. 240), 
HOARD GH! cy HE Productus nystianus de Koninek, P. cora 
d’Orb., ete.; while the highest division (c) consisting of limestones, 
graywackes and carbonaceous shales with plant impressions, contains 
Productus nystianus de Kon., Modiola pallasi de Vern., and other 


.neompletely identified or new forms. These limestones are extensively 
i 
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developed in upper Siam, but little is known of their thickness, 
subdivision and fossil content. (See Hégbom 51). 

Matay PENINSULA AND East Inpirs. Permian limestonos 
are again found in the Malay peninsula (at Tenasserim) and especial- 


Soca 
Ng SI 


en 
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oe ~ 


Fig. 237a. Lonsdaleia salinaria Waagen and Wentzel, corralum slightly reduced. 


ly on Sumatra, where at Padang, on the southwest coast, two series 
are found, a higher with Schwagerina verbecki, (Fig. 248), Neoschawa- 
gerina craticultfera, and Swmatriana anne, , 
(Fig. 241) and rarely with Fusulina 
granumavenx, and a lower, with Fusulina 
granumavenx, 5 species of Bigenerina, 
Productus swmatrensis, Spirifer damesi, 


Bellerophon convolutus, Plewrotomaria ni- Fig. 237b. 
Lonsdaleia salinaria W. & W, 
Two corallites enlarged X 2. 


kitint and WNaticopsis sumatrensis, otc. 
This older fauna (of some 50 species) has 
been described in full by Fliegel (29) who regarded is as Upper- 
Carboniferous, and pointed out the fact that it is an older fauna than 
that of Loping. Again it is a younger fauna than that of the Malay 
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Peninsula (Potalung, Pahang and Perak), and if not Upper Car- 


honiferous, probably belongs to tho poriod of tho Shansi transgression 
(Permo-Carboniferous) 


On the Island of Timor and the adjoining small island of 


Rotti in the Indian Archipelago, fossiliferous Permian beds are found 
indicating the begin- | 
ning of submergence of 
the Cathaysian land. 
mass in the closing sta- 
ges of the Paleozoic 
(Rothpletz 80). The 
most extensive develop- 


: : Fig. 238. Productus abichi Waag. 
ment is found on Timor, is ag 


whore beds of shale include a stratum of gray cherty limestone 38 to 4 
meters in thickness, which contains an abundant fauna. No indication 
is shown as to the relationship of 
these beds to the underlying rocks 
and they are covered unconform- 
ably by nearly horizontal Tertiary 
beds. On Rotti, these formations 
haye not yet been found in place 
Lut fragments of limestones thrown 
out in voleanie eruptions have fur- 
nished the following fossils: Di- 
Rettcularentiede Wane bunophyllum australe, Clisiophyllum 

sp., Fenestella virgosa, Entrochus 

regularis, and E. irregularis. The total number of species obtained 


from both Timor and Rotti is 53, of which 41 are definitely identified. 
22 of these are restricted to Timor, being new species, but the other 
19 are also known elsewhere and serve for correlation. Of these 19 


species, 4 range from the Lower Carboniferous to the Permian, 
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These are: Spirigera royssi, Reticularia lineata, Spiriferena cristata 
and Productus semireticulatus; the other 15 species, however, are more 


definitely restricted. They ave the following: Pachypora curvata, 
Ampleaus coralloides, Fenestella virgosa, Productus abicht, P. asperu- 


seal 


: pant 238 $2) “or At peel gis beset: 


Fig. 241. Sumatrina anne Volta; a, median transverse section showing the 
longitudinal septa of the roof >< 18; b median longitudinal section 
showing strong basal transverse scpta (basal skeleton) and finer 

and more numerous transverse roof septa (secondary roof skeleton) 


between them ~ 18 (After Voltz). 


lus, P. gratiosus, and P. waagent, Chonetella nasuta, Spirifer musak- 
heylensis; Martinia nucula, 8. timorensis, Retzia grandicosta, Cama- 
rophoria pinguis, Rhynchonella timorensis, and Terebratula himalay- 
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ensis, None of those species aro known from the Carboniferous 
limestones of Sumatra, Australia or China but 11 have also been 


found in the Productus limestone of the Salt Range of India and 3 in 


Fig. 242. Jrusulina evilis Schwager. a, b, side and end views of entire shell x 
J}; ¢, longitudinal section (of 2 separate shells but supplementary) 
* 10; d, cross-section * 5} (After Schellwien). 


the Djulfa limestone (Upper Per- 
mian) of Armenia. Of the 15 species 
also 8 only are found in the lower 
Productus limestone and 11 in the 
middle and upper; 2 species occur in 
the Artinskian of Russia and 2 in 
the Carboniferous limestone. These, 
however, also occur in the Permian. 

This relationship to the Permian 
beds of India is very significant since 
it clearly shows us that at this timo 
the Himalayan geosyncline was in 
direct connection with the Indo- 
Pacific waters. 


fig. 248. No Permian is positively known 
Swagerina (Verheckina) verbecki Geinitz: from any of the i: ° 
a, end view of shell x 14; 6, xectioned f apy é islands in the East 
individual x 4; ¢c, diagrammatic section 
showing form of chambers and. beginning 


of transverse septa or basal skeleton, abe : “you 
which indicates transition to Doliolina, Ambon from which island it is 


Much enlarged; (After Schwager). doubtfully reported. During. all of 


Indian Archipelago except possibly 
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this period the great mass of these islands, including the Philippines, 
continued as the remains of the Cathaysian land, though this wag 


wR Th 


beginning 


re . 


rac 


Deoliolina lepida Schwager; entire 
individual, sectioned to show 
structure x 6, (After Schwager), 


to suffer slow submergence around the margins. We are at 


present entirely in the dark regarding 
the Paleozoic formations of Formosa, 
Indeed it is not absolutely certain that 
marine Paleozoic formations occur at 
all upon this island, though the geolog- 
ical map of Japan indicates the presence 
of Paleeozoic rocks. If such are present 
they probably belong to tho Permian. 


transgression, in which case the north-eastern margin of Cathaysia on 


our map should be modified accordingly. 


that these beds are purely 
Mesozoic rather than to the 
Paleozoic, Formosa and the 
surrounding district have 
beon included in the nor- 
thern part of Cathaysia on 
our map. 

JAPAN, etc. In 

Japan we find the follow- 
ing two series of limestones: 
Upper, with Schwa- 
gerina verbecki,  Geinitz 
(Fig.248), Noeschwagerina 

globosa Yabe, etc. 


Lower with Schwa- 


gerina  verbecki,  Dolio- 
lina lepida (Fig. 244), 
Neoschwagerina  craticuli- 
fera (Fig. 241), and Fusu- 
lina japonica, 


As there is a possibility 
continental, or may eyon belong to the 
: <EN) 


Diliolina lepida Schwager; a, transverse median 
section showing the low broad chambers x 8; b, 
median longitudinal section showing the regular 
“strong septa (basal skeleton) x 8, ¢, diagramma- 
tic section showing the disposition and strength 
of the transverse septa (basal skeleton); much 
enlarged. (After Schwager). . 
“ 
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These apparently belong to the same late Uralian or early 
Permian transgression. Beds with Fusulina and brachiopods regarded. 


A eae! Be 7G es ie 


Fig. 246. Fusulina richthofeni Schwager, a, b, large individual side and end 
views X 1}; ¢, cross-section, slightly excentric x 9; d, part of a __ 
longitudinal section x 9. (After Schwager). a , 


vostok, and others with Fusulina related to IF. richthofent Schwager 
(Wig. 246), and with Bigenerena bradyi Miller are’ found in 


Fig. 247. Orthotetes tingi Grabau. 


Korea. These two probably indicate the early Permian transgression 
from the Pacifie border, which finally effected a junction with the 
transgressing waters in the Mongolian geosyncline. (See below). 
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From Yajagi-mura in the Kitakami Mountains (the northern 
half of the folded land occupying the Pacific side of northern Japan 
and north of Sandai Bay) a series of fossils has been obtained which 
haye recently been described by Hayasaka (47) and which indicate 
the presence there of Permian strata. The following species comprise 
this fauna: Productus flemingit de Kon., P. horridus Sowerb, P. 
vishnu Waagon, Spiriferina cristata Schellw., Dielasma cf. biplex. 


Camarophoria humbletonensis Howse. 
SOUTH-EASTERN AND CENTRAL CHINA. 


Huway. On the banks of the Lui-ho at Lei-pa-Kou and 
Huang-i-kang, in southern Hunan, extensive coal-bearing strata of 
Upper Permian age are exposed.* 
These beds carry the Gigantop- 
teris flora (Schenk 83) and in 
some places contain a fauna of 
small pelecypods and gastropods 
in plastic blue clay associated 
with the coal. Of the 10 species 
definitely identified, 6 occur in 


the upper Productus limestone of 
Orthotetes anderssont Grabau, imperfect shell. India, while eeveralon helothers 
aro related to late Carboniferous species in America.** This is regarded 
by some as the highest division of the Permian in China, bordering on 
the Triassic, while others consider it early Permian. (See further 
section on Gigantopteris flora) . 

Kranasr. East of the preceding locality in southwestern 
Kiangsi province, in the Chi-an-fu and Young-hsien districts, the 


following succession is shown according to T. C. Wang. (99). 


* Richthofen--111, pp. 455-457. 
#* Vor description of the fauna see Frech, in Richthofen China, vol. y, p. 188. 


4. 


9 


oO. 
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SuPER-FORMATION Jurassic (7’ienho series) . 

Hiatus and disconformity. 

PERMIAN. 

CeLen GE Le LRROULER er anak. aha ean eat tes cio tnoet 200 meters 
Shales, sandstones and five or more coal-seams with 
marine fossils in the upper part. These include the 
brachiopods Reticularia, Enteletes and Productus, and 
the goniatite Glyphioceras anfuense Gr. Plant fossils 
of the Gigantopteris flora occur. 

c. Hsiaochiang (Hsiaochiangpien) limestone. 40 meters 
Black inpure limestones, sometimes white and cherty, in 
places very fossiliferous. The most characteristic species 
are:  Orthotetes tingi Grabau (Fig. 247), Orthotetes car- 
inostriata Grabau, Orthotetes anderssoni Grabau (Fig.248) , 
and Spiriferina chuchuani Grabau (See Appendix). 


This Fauna may be called the Orthotetes tingi Fauna. 


2. 


1. 


Permo-CARBONIFEROUS or Upper CaRBONIFEROUS. 
LSMEPAUCILCI OSC iChar: .o6 commun ent te ne remnant: 140 meters 
Shales and sandstones with several coal-seams, and 
sometimes with iron ore in the upper sandstones. Only 


indeterminate plant-remains occur in this series. 
Hiatus and disconformity 


PrE-CARBONIFEROUS subformation: (a Yunghsin series) 


In north-eastern Kiangsi, east of Poyang lake, lies the 
famous locality of Loping from which von Richthofen obtained an 


extensive fauna, which was described by Kayser (55) and Frech 


(31). 


The relationships of the beds, as determinated by von Richt- 
hofen and more recently by W. H. Wong, are shown in the annexed 


section (Fig. 249). Kayser regarded this fauna as of Upper Carbon- 
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The fauna ig 


iferous age, but Frech referred it to the Permian. 


and cephalopods, many of 


characterized by brachiopods, pelecypods, 


, species found in the Salt 


Of the twenty-nine brachiopods, 


which are identical with, or related to 


Range. 


fifteen occur in the Salt 
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Range, but only one is restricted to the upper Productus limestone, 
four to the middle, two range from the lower to the middle, six range 
from middle to upper, and two range throughout the three divisions. 
Of the ten pelecypods, one occurs in the lower, 
one in the middle, and two in the upper Produc- 
tus limestone, one of the two gastropods ranges 
through the middle and upper Productus lime- 
stone, and of the six cephalopods one is restricted _ : 
to the lower part of the upper Productus lime- | 


stone. This clearly indicates that the Loping 
fauna corresponds to the middle Productus lime- Fig. 250. 
stone. Lyltonia richthofeni(Kays.) 
One of the most characteristic fossils of this horizon is tho 
peculiar brachiopod Lyttonia (Fig. 250) which is widely distributed 
in China, and occurs also in outer Mongolia, in Japan, and near 


Vladivostok as well as in Indo-China (Cambodia, Annam, Laos), 


Fig. 251. Martinia triquetra Gemm. var. lopingensis Gr. 


in Siam (Luang-Prabang) and on Timor. All of the species of this 
genus are restricted to the middle Productus limestone of italia, and 
the genus is also known from the Permian of Palermo in tho 
Mediterranean region, and from southern Texas, U. S. A. 

The Loping fauna also occurs in the Wu-hsien district of 
southern Kiangsu, and in the Tao-Chun region of east Anhui. It is 
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again found near Ki-Kiang-hsien in Szechuan, and at Tung-tze-hsien 
in Kwei-chow. Some of the characteristic species of the fauna are 
shown in figures 250-255. 

The exact age of the Loping fauna depends on that of the 
middle Productus limestone. By some it is considered Middle 
Permian, and by others 
Upper Permian. 

The Loping fauna is 
probably older than the 
Orthotetes tingi fauna 


(Hsiao-chiang limestone 

Fig. 252. Richthofenia laurentiana front and side views p. 316) of Chian, Kiang- 
of attached valre. ; 

si. As shown above, 

that horizon is succeeded by beds with Gigantopteris. (See Appendix). 

SourHErRN Krinasu anp NorrHern CHekitana Provinces. 

In the Nanking Hills, south of the Yangtzo, the late Dinantian beds 


are succeeded disconformably by beds of Permian age, though it is 
4 OTA : 


Fig. 258. Enteleies kayseri Waagen; three views. “Loping. 


possible that between the beds which have furnished tho Permian 
fauna and those which carry Viséen corals, there is a horizon repre- 
senting the Chinese Permo-Carboniferous, i. e,, the Shansi: series of 
north China. The succession, according to Messrs. Yih, Liu and 
Chao, is as follows (Fig. 256) in descending order. . 
PERMIAN, 

Chinglingshan or Chingling limestone................300 meters 

Light to dark gray limestone, thin-bedded. 
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[OUR GLAM COAL SET TCSII TOI Seek OLE eee 82 meters. 
Coal-bearing series with a bed of Productus limestone. 
Lower PERMIAN oR PERMO-CARBONIFEROUS (may possibly include 
some Uralian at the base.) 
Ch’uanshan or Chuan limestone.......0.6..s0000s00e.450 meters. 
Dark gray limestone with cherty layers near the base; 
and in some cases sandy and shaly beds with fire-clay. — 
Hiatus and Disconformity. 
Uprrr DINANTIAN 
Chihsiashan or Chihsia Wiinestone.........c.c.eecc eee: 86 meters. 


Gray fossiliferous’cherty limestone, with typical Viséen 
é. ‘uv , y 


reat 
Dy = 


Vig. 254. Productus suimatrensis var. palliata Kays, 
corals in the lower 30 meters. Possibly the upper part 
represents the Taiyuan series. 
Hiatus and Disconformity. 
Lower SILuRIAN (Niagaran). 

Wutungshan or Wutwng quartzite...........0ss0..2+..000 metors. 
Reddish to white compact quartzite, no fossils: at base 
ferruginous shale and sandstone. 

Kaochiapien shale..s.csiseecessesecesssscenveesessceneees 200 meters. 
Shale with trilobites and graptolites. 

Hiatus and Disconformity 


LowER ORDOVICIAN 
Lunshan. limestone........... ipod RIAN: aioe ....220 meters. 
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Tho majority of the species found in the limestones of the 
Lungtan coal series, range from the middle to the upper Productus 
limestone of India. One of the most characteristic brachiopods is 
Orthotetes pectiniformis var. nankinensis Grabau (Fig. 257), which is 
related, and perhaps ancestral to 0. tingi. This and the general 1 
character of the fauna suggests that it precedes the horizon of Orthote- 
ies tingi but succeeds the Loping horizon. The latter is found some 
distance to the south in the Wu-hsien district, 
while across the Chekiang border, in the 
Chang-hsing coal district, the limestone in the 
Lungtan “coal series again carries large Pro- 
ducti, and the remarkable genus Oldhamina, 
which in the Salt Range occurs in the middle . 


and upper Productus limestone. The species 


appears to be the same as the one found in 
Reticularia invquilateralis. Tydia, i.e., O. decipiens (de Kon.) (Fig. 258). 
Summary. From the facts now known, it would appear that 
the order of succession of these Permian faunas is as follows (in 
descending order) : 

3. Orthotetes tingi Fauna. 

2. Oldhamina decipiens Fauna of Lungtan Coal 
Series. 


1. Lyttonia richthofeni Fauna (Loping Fauna) 


Below the Loping fauna apparently belongs the fauna of the 
Swanst Series of North China (see beyond) which is Lower Permian 


or Permo-Carboniferous. 


TsInGLING GEOSYNCLINE. In the Choutien district of nor- 
thern Szechuan, near the south-western border of Shansi, and involved 
in the folds of the southern ranges of the Tsingling-shan, is the succes- 
sion of strata shown in the following section (after Richthofen) (Fig. 
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259 p. 370). The beds are overturned to the south, so that the 
lowest member (a) appears on top. The succession is as follows, in 
descending order: *’ 


ie 


Cc. 


he 


Gray limestone with chert nodules. Corals and brachio- 
pods are present in great number but difficult to extricate. 
Reticularia waagent (Fig. 260) is characteristic. 
Alternations of nodular limestone layers 4-5 inches thick, 
with thin layers of dark brown bituminous shale, and 
pyroschist, carrying brown ironstone. The pyroschists 
are full of marine organic remains, especially Productus 
intermedius var. subplicatilis Frech, Ambocelia planocon- 
vexa, and pelecypods related to those found in the higher 
Coal Measures of America. Gastrioceras cf. zitteli 
Gemm. (Hig. 257a), and Agathiceras cf. suessi Gemm. 
were also found. 

Yellow and gray fossiliferous shales including in their 
upper part a four foot seam of bituminous coal...... 15 ft. 
Alternations of gray limestone with Reticularia waagent 
and siliceous shales, 5 to 6 inches thick, with Margini- 
ELUBOULStrtimecet cocci stecrecyrecetest treater tee cs oeet 12 ft. 


Heavy-bedded limestones, with much chert, especially 
near the bottom, where it forms layers. 
Unfossiliferous limestone in beds 4-6 inches thick, sepa- 


rated by marly shale layers 2 to 3 inches in thickness. 


The series rests either disconformably or with a fault-contact 
against the overturned Silurian beds. The age of these beds is Permo- 
Carboniferous and Permian. The lower beds may correspond to the 


Loping horizon, though no diagnostic species have been obtained, or 


* For description of fauna, see Frech in Richthofen, China, Vol. V, p. 189. 
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Diseonformity 


Discon. 


Fig. 256. 


Coluinar section of the Nan- 
king Hills (After Yih, Liu & 
Chao). 

a, Cambrian 

b, Ordovician limestone(Tun- 
shan limestone : 
Lower Silurian (Niagaran) 
graptolite shales 
Wutungshan quartzite (Si- 
lurian) : 
Chihgiashan limestone (Di- 
nantian) 

Chuanshan limestone (Per- 
mo-Carboniferous or Per- 
mian) 

Lungtan coal series (Per- 
mian 

Chinglingshan 
(Permian). 


c, 


h, limestone 
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they may belong to the horizon of the 
Shansi series the others are of Permian age. 
So far 


Taiyuan fauna bas not been found in this 


as known from fossils, . the 
section, though the lower limestones which 
have yielded no fossils, may belong to that 
horizon. Bed b is said to show coralline 
Elsewhere in this region these 


beds 
strata, which are evidently cut out in the 


structures. 
Carboniferous rest upon Devenian 
section given. 

Tn the mining district of Tao-Chung in 
Anhui, late Permian beds with the Gigan- 
topteris flora have recently been discovered 
by Hayasaka (50). 
identified as Gigantopteris dentata Yabe, 


The plants, which are 


occur in the black shale exposed along the 
eastern side of the great incline near its 
middle. Tho beds dip about 70 degrees to 
the south and at an horizon about 140 meters 
below the plant beds in a sandy shale, 
several marine fossils were found, including 
Gastrioceras zitteli (Fig. 257a) and species 
of Marginifera. The goniatite was originally 
described by Gemmellaro from the younger 
Paleo-Dyas limestone of Sosio, Italy; the 
same species has also been described by 
Frech (81, (2)) from the higher beds of 
the Tapashan section in Szechuan (see Fig. 
259, bed ¢), in limestone probably of the 
same horizon as that carrying the Gastrio- 
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ceras in Anhui. In Taochung, Hayasaka found a species of Tetrapora, 
probably identical with 7. elegantula, which has been found in Fukien, 


where Gigantopterts dentata is also found, though the association of 


the two forms is not clear. 

The Gastrioceras zitteli 
horizon is again found in south- 
eastern Hupeh where it has recent- 
ly been discovered by Mr. C. Y. 
Hsieh. It there consists of yel- 
lowish and reddish shales which 
form the lower part of the Tayeh 
formation, 500 meters or more in 
thickness, this consisting chiefly of 
thin-bedded limestones intercalated 
with shales. No fossils have been 
found in the limestone, but it is 


succeeded by the Jurassic coal series 


ai \ \ Se 


<i \y Wy 
Mi 


fb 
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By 
Fig. 257. 

Streptorhynchus pectiniformis var. nankin- 

ensis Grabau. Nanking. 


(Wuchang formation). Gastrioceras zitteli is very abundant, but is 


mostly flattened upon the shale. Associated with it is a new species 


Kig. 258. Oldhainina decipiens. Side view, and valve with shell partly broken away. 


G. liwi Gr. These beds rest upon an earlier Permian formation, 
the Tangshanwan coal series, which includes some limestone beds 
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containing early Permian fossils. This series in turn, rests discon. 
formably upon tho Yang-sing limestone, 400 moters or more in thick. 
ness, a part of which is of Viséen age, containing characteristic bra. 


chiopods and corals. It in turn rests upon a thick formation of Silurian 


8 


Tohau-Tien 


Fig. 259. Section of the Permo-Carboniferous rocks of Tapashan near Tshau- 
tien (Choutien), N. Szechuan. (After Richthofen). The lettering 
corresponds to the description in the text (p. 367). 


age (Fuchihkou or Fuchih series) . Gigantopteris has not yet been 
found in association with these Permian beds but probably occurs 
above the horizon of Gastrioceras zitteli. (See Appendix). 


Zane 
fi (a ANS 
(KS) 


fig. 260, Reticularia waageni, 


Nortu-WeEst CHINESE Basin. In northern Kukunor and in 
the Seminow mountains, Permian Doliolina limestones are found 
presenting the following sub-divisions in descending order: 
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3. Pale red and gray limestones, the latter with occasional 
Doliolina. 

2. White odlitic limestone without fossils. 

1. Massive gray limestone with Neoschwagerina craticulifera 
(Fig. 214), Schwagerina verbeeki (Fig. 248), Fusulina 
sp., Fusulinella sp., Schwagerina princeps (Fig. 215). 

These Doliolina beds are concordant- 


~~. 


¢ ~ 
\ 
\ 
\ 


ly succeeded by Lower Triassic strata, though 
it is probable that, as in all known cases, 
there is a disconformity and hiatus between 
these beds.* Nevertheless, these beds prob- 


ably represent in part at least, late Permian. 


Elsewhere in this region, beds of similar age 


Fig. 261. 

southern slope of the Seminow mountains, Cusirioceras (Girtyites) zitteli. 
cars: 1S Gemm: Frech). 

resembling the Doliolina limestone, contains G¢™™: (After Freeh) 


have been found. A gray limestone on the 


a fauna indicating its age to be Lower Permian. The following fossils 
have been found: Pinna sp., Camarophoria sp., Richthofenia sp., 
Spiriferina cf. subcristata, Enteles carnicus. From Kansu, Dr. W. 
H. Wong has obtained limestones and shales of Permian age, the 


former with the goniatite Gastrioceras. (See Appendix). 
NORTH CHINA 


Saanst. The best. known succession of late Paleozoic and 
early Mesozoic beds in north China is that given by Mr. Norin (74) 
in the following section in central Shansi (Fig. 262) as modified in 
his article of 1924 (75). 
Upper Permian, 

SHICHIEN BENGE KR LES slpsas setts ti tenet ete entis tec tame 700 meters. 


This comprixes the following subdivisions. 


-* See discussion of this question in Chapter. X. 
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2. Sandstone Zone. Well stratified sandstones often 
cross-bedded, rarely with shales. Prevailing color 
red, brown and chocolate-brown, no plant remains 
OLB PY PSUM seers. ctuisteiete se pemetrloet 500 meters. 

1. Gypsiferous Marl Zone. Chocolate-brown  argil- 
laceous shales and claystones, often marly and gypsi- 


ferous, and layers of sandstone. No plant remains 


ceva vile SeEE SON ss RaTTEA Tones ean 150 meters. 
Lower PERMIAN. 
SHIHHOTSEROERIES suinieenecceseen nen emnattn ean lars 450 meters. 
2. Upper Shihhotse Sertes........... 1+. 280 meters. 


b. Ginkgo Zone. Chocolate-colored, sandy argil- 
laceous shales and claystones, interbedded with 
white or yellow sandstones and plant-bearing 
yellowish green and dark green shales... ....... 
nobth seedifect  cereedenirest scutes 4) 0 amotorss 
The flora of the highest bed of this zone is 
characterized by large-leaved Ginkgophytes. 

a. Gigantopteris Zone. Alternating light colored 
shales and chocolate-colored sandstones with 
the Gigantopt:r7s flora at bottom and top. 

1. Lower Shihhotse Series. Mostly light-colored marls, 
shales, and thin sandstones and coal In the lower 
part of the series species of Vxndopleris, together 

“with large-leaved Plerophyllum, Sphenophyllum, 

etc. This is a Lower Permian or Rothliegende 

Wee otoartsso sno Ooo noyStidatioucG 160 meters. 

Su Anst Series (restricted) (Permo Carboniferous) .. .65 meters. 

Shales, sandstones and thin coal-seams; near the middle 

a plant-bearing bed with Cordaites and Annularia, and 


somewhat lower, a marine limestone (TunatTayao Lims- 
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STONE) 38.2 meters thick. This contains Hnteletes cf. 
kayseri, Chonetes twngtayaoensis, Productus subcostatus 
(Fig. 262), P. pustulosus, and Spiriferina octoplicata. 
Below it are 30 meters of shales, sandstones and some 
thin coal-seams. 
TTiatus and disconformiuty. 
DINANTIAN. 

TAIYUAN SERI£s, with many marine limestones (See p. 253) 
PSTN Hs Gobo ceaeo;iebuont seed onncned au dacbuoonpndavribdgacon See 125 meters. 
. Hiatus and disconformity. 
Orpovicran.—Machiakou Limestone. 

Tur SHIBHOTSE series is of Permian age, both divisions, the 
lower and upper, falling approximately into the Lower Permian. The 
lower division consists chiefly of argillaceous deposits of fluviatile 
origin with grayish greenish and yellowish colors. The upper series 
is formed by a thick complex of sediments begining with the lower 
Gigantopterits sandstone, and the red-brown clays subjacent to this. 
Its lower part comprises the GIGANTOPTERIS ZONE with ferns of this 
type predominating, and its upper the GINKGo zone with Ginkgophytes 
predominating. 

The sediments of the upper Shihhotse series contain the 
products of a lateritic weathering process, and appear to have been 
formed during a period of very humid and hot climatic conditions, 
while the succeeding SHIHCHIENFENG series is marked by characteris- 
tics indicating an arid climate. 29! 

The flora of the upper Shihhotse series is distinctly Paleeozoic 
such typical genera as Annularia, Asterophyllites, Sphenophyllum, 
Sigillaria, and Cordattes occurring. ‘‘A Permian age is indicated by 
such forerunners of the Mesozoic flora as Teniopteris, Plagiozamites 
and Baiera which, in the Paleozoic of Europe, are almost exclusively 


confined to the Permian, and it is placed beyond doubt by the occur- 
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a, 


rence at a somewhat lower level of Spheno. 
phyllum thoniz, one of the most distinctive 
species of the Permian”. (Halle in Norin 


74 p. 23). Halle considers that the upper 


Series 


Shibhotse series falls within the limits of 


the Lower Permian, the Rothliegendes of 


Diiinva in tei 


central Europe. ‘‘This is confirmed by the 


c, lower Gigantopteris sandstone 


almost total alsence of conifers, notably of 


‘Taiyuan 


Zechstein. forms’. The so-called Ginkgo 


e, base of Ginkgo zone (Shibhotse series). 


Upper 


sandstone is however, of more doubtful 
age, “‘being characterized by numerous 


Psygmophyllum-like leavelets of unknown 


_- JK HB we. 
Shansi Series 
1 Rermo-Carb 


affinity and containing for the rest only 


r 
' 


little significant species of Txniopteris and 


Baiera.’’ Halle summarizes the character 


of the flora in the following words: 


“The flora differs from the European 


| 
| 
| 
| 
| 
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b, Feitsakou sandstone (Shansi series); 


Permian in several important respects, 
The genus Callipteris, which is the most 
distinctive type of the Permian of Europe, 
is entirely absent not only in the Upper 
Shihhotse series but in all collections from 


d, upper Gigantopteris sandstone (Shihhotse Series) ; 


supposedly Permian deposits of: Shansi”? 
examined by Professor Halle. ‘‘Of coni- 
fers, too, not only Zechstein forms aro 
wanting, but hardly any undoubted trace 
of Walchia has been found, though that 


Section in the Shih-ho-tse Valley, Shansi, showing the Carboniferous and Permian beds, (modified after Norin). 


Kuantikou limestone (Taiyuan Series) ; 


(Shihhotse Series) ; 


genus would be expected to occur in any 


large material of Lower Permian plants. 


Fig. 262. 


“The peculiar character of the flora as 


compared with that of the European Lower 
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Permian, however, is due especially to the occurrence of a number of 
forms which seem to be characteristic of the Permian of the Far East. 
The most important of these types is the genus Giyantopteris to which 


belongs the most distinctive spécies of the Upper Shihhotse series. 


Fig. 268. Productus subcostatus Waagen. 


Another type peculiar to the Permian of eastern Asia is represented 
by a set of forms of Annularia closely related to A. maxima Schenk, 
but probably better separated as a distinct species. Gigantopteris and 
Annularia maxima were first described by Schenk from von Richtho- 
fen’s material collected at Luipakou 
(Leipakou), and Luiho (Ieiho) in Hu- 
nan. (See below). The flora ‘of the 
Upper Shihhotse series is evidently close- 
ly related to this much discussed Luipa- 
: @ kou flora which in Hunan, however, is 

Fig. 264. characteristic of the beds immediately 
Meekella kayseri Jack. connected with the main coal seams.” - 


Halle concludes that it is ‘‘impossible to decide to what extent the 
difference between the Upper Shihhotse flora and the conteniporaneous 
flora of Europe may be due to edaphic factors or regional contrasts.’”’ 
The difference is probably “largely due to isolation in different phyto- 
geographical districts.”’? Several of the forms of these beds indicate a 
near relation to the Permian of North America. 
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The detailed petrographic studies of Norin have brought out 


the interesting fact that the characteristics of the Shihhotse sediments. 


agree closely with those of modern laterites. 


Fig. 265. 
Remeleoceras subquadrangulare Grabau; a, side and b, 
dorsal view of a fragment; Shansi. 


This is seen among other 
characters in the presence 
of considerable quantities 
of free hydrate of alu- 
mina, which in certain 
levels equal or exceed 
10% by weight. In this 
respect these sediments 
agree remarkably well 
with the primary laterites 
of Madagascar, which are 
of Quaternary age. 
Another characteristic 
of these sediments is the 


formation during the 


weathering processes, of much free silica, which occurs as concretions 


of chalcedony and silicified wood. The silica is not uniformly distri- 


buted, but occurs in certain horizons, as in 
modern elluvial and alluvial laterites. 

The upper boundary of the Shihho- 
tse series is formed by red-brown argilla- 
ceous sand and clay, impregnated with iron 
hydrate, which also occurs in concretions of 
various shape and size, not infrequently 
forming continuous beds one half to one inch 
in thickness. With these iron concretions 
occurs an abundance of amorphous silica, in 
the form of carneol and chalcedony concre- 
tions, or as silicification of the sediments. 


Fig. 266. 
Temnocheilus asiaticus Grabau. 
Shansi. 
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These characteristics are wide-spread and constant at this stratigraphic 
horizon in the Permian of Shansi, and are due to those chemical 
rearrangements which are everywhere produced in lateritic alluvial 
deposits when these become exposed to arid climatic conditions for a 
considerable period of time. This then, marks a period of changing 
climatic conditions in this region during later Permian time, the 
warm humid climate giving way 
to an arid or desert climate while 
at the same time the well-drained 


lands were converted into exten- 


sive undrained continental areas. oe 
Fig. 267. 
This is probably to be correlated Euphemus wongi Grabau. Shansi. 
With the period of complete with- 
drawal of the marine waters from the Asiatic continent at the close. 
of Permian time as will be more fully discussed in the next chapter. 
Tn western Shansi, the lower Taiyuan beds (Paloukou lime- 


stone, etc.) are succeeded, according to T. C. Wang (9), by plant- 


~— 


— bearing shales of black and bluish color, 
1.4 “meters in thickness, and these are 
followed by the main bituminots coal beds 
of the region 15.7 meters thick. _Immediate- 

_ ly overlying the coal is the Paorectou 
Limestone, 10 meters thick, which abounds 
in fossils. Besides the species found in the 
Tungtayao limestone, there are many 


others, including several species of Hiteletes . 
Pseudomonotis mathiewi Grabau; 


™? and Orthotetes, also species of Productus,: 
left valve x 8. Kaiping Basin. ‘ i eu 


Meekella kaysert (Vig. 264), Spiriferina 
chuchuant Gr., 8. octoplicata, Aulacorhynchus paotechouensis Gr. ; 
several very characteristic new pelecypods; a large Bellerophon (B. 


anderssoni Gr.) and a number of cephalopods (uanghoceras simpli- 
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costatum Gr., Remeleoceras subquadrangularis Gr. (Vig. 265), Temno- 
cheilus asiaticus Gr. (Fig. 266), Metacoceras sp., etc.). 

Above the Paotechou limestone follows a coal bed and shale 
0.4 meters thick, and this is followed by the T’umen Formarion, 


O 


Fig. 269. Section of the coal-measures, Tien-Hua district, north Shansi 
(after Willis); O, Ordovician limestone; T, Taiyuan shales 
and sandstones (non-calcareous) ;_ 9, Shansi series; Sc, Supra 
Becboniterons red sandstone and conglomerate (cross-bedded) 
ce, coal, 
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fourteen meters thick, and consisting of shales at the bottom, capped 
by a massive limestone and a shale with limestone nodules. The 
fauna of the T’umen formation is especially rich in gastropods, twelve 
species having been identified so far. The most characteristic of them 
are Huphemus wongi Grabau (Fig. 267), and species of Soleniscus 
and Naticopsis. Among the pelecypods occurs Pseudomonotis mathieut 


Gr. (Fig. 268) and other species. Several brachiopods of the 


Ras 
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Fig. 270.. Section of the Kaiping Coal Basin, Om. Machiakou limestone (Ordo- 
vician); Tp, Peioutze shales and sandstones (Taiyuan Series); 7t, 
Tangshan limestone (Taiyuan eeries) ; S, Shansi coal-measures(Permo- 
Carboniferous) ; P?, Supra Carboniferous red beds( Permian’). 


Paotechou horizon also oecur. The general succession of the Shansi 
and Taiyuan Series in the Tien Hua district, Shansi is shown in Fig. 
269. 

CuIHit. In eastern Chihli the Shansi series begins with 
shales and sands which rest disconformably upon the Taiyuan beds. 
There are several thin marine intercalations, but only one of these, 
the CHAOKOUCHUANG ARGILLUTYTE, about 35 meters above the Tangshan 
limestone, has yielded determinable fossils. | They include a number 
of species of Productus, and Spiriferina chuchuant Gr., and other 
brachiopods; also Pseudomonotis mathieut Gr. (Fig. 268) (Grabau 
38). 

The fauna is Lower Permian or Permo-Carboniferous,. and 
the bed containing it succeeds coal seam No. 13. Above this are 


twelve other coal seams, as shown in the several sections in the 
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Kaiping basin (Figs. 270-271). The coal seams carry a rich. flora 
but animal remains are scarce. Those found include a small Spirorbis? 


and an Hurypterus, the first one found in China (Grabau 87). This 


has been named Hurypterus chinensis Grabau 
(Fig. 272) and it is a characteristic repro- 
sentative of the life of the rivers and ponds 
of the region in Permo-Carboniferous time. 
Flora of the Kaiping Basin. There 
are two distinct floras in the Kaiping basin, 
one belonging to the Taiyuan series, the other 
to the Shansi series which alone carries work- 


able coal seams. The flora of the Shansi 


CUBLIC LIBRARY SE VICTORIA 


Fig. 273. 
Sphenophyllum verticillatum 


x 6b. 


series combines ele- 


ments of the Stephan- 
ian and younger hori- Fig. 272. 

zons with some hold- furypterus chinensis Grabau 
over types of West- * 4 

phalian age.* 

The flora of the Kaiping Basin is at present 
only partly known but the following species 
have been obtained, according to Schenk, 
Kersten, Mathieu (65) and T. H. Chao: 
Eremopteris cf. courtini, Pecopteris cyathea 
(Fig. 275 a, b), P. arborescens (Fig. 185, p. 
269), P. lepidorrhachis, P. platoni, 17, sterzelt, 
P. cf. unita, P. cf. hemitelioides, Alethopteris 
sp., Callipteridiwm cf. pteridiwm (Fig. 186, p. 
270),  Odondopleris genuina, Desmopteris 


elongata, Teniopteris multinervis, T. jejunata 


* The flora will be described and illustrated in the Palzontologia Sinica, Series A. 
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(Fig. 276), Neuropteris scheuchzeri, N. flexuosa, N. gigantea (Fig. 
274), Aphlebia cf. germari, Calamites cisti, Annularia stellata (Fig. 
187, p. 270), and var. mucronata, Sphenophyllum emarginatum, and 
var. truncatum, S. verticillatum (Fig. 273), S. oblongifolium, Lepido- 
dendron oculus-felis, L. gaudryi, Lepidophyllum hastatum, Stigmaria 
ficotdes, Cordaites principalis, Artisia approximata, Zamites cf, 
regularis. 

Mathieu calls attention to the strong affinities 
of this flora with that of the Commentry basin in 
France, which is Pernto-Carboniferous or early 
Permian in age. 

Recently Mathieu has reported some plant 
remains from the roof-shale of an upper coal bed 
at Tang-Chia-Chwang, in the Kaiping basin. 
These include Neuropteris cf. flexuosa, Spheno- 


phyllum emarginatum, Lepidodendron oculus- 


Fig. 274. Jelis, ete., which indicate Permian age. In the 
Neuropteris gigantet.  wyward succossion of floras, the common species 
‘become more and more rare most of them disappearing completely, 
only Cordaites and Annularia stellata persisting. At the same time 
two other species: Teniopteris multinervis and Sphcnophyllum thonii, 
which are relatively rare in tho lower beds, ‘become more and more 
abundant, finally giving the entire flora its characteristic aspect. 

SHantunc. In Shantung the coal-bearing beds were classed 
by Willis and Blackwelder as the Poswan Series (318 meters thick) 
and the succeeding Permo-Mesozoic red beds as the Sinr’ar SERIES 
(275 meters in thickness). The recent studies of Mr. H. C. Tan (91) 
have shown that the coal series is divisikle into two groups as in 
Shansi. The lower division is about 100 meters thick and. rests 
disconformably upon the Ordovician (Machiakou)- limestone. It 
carries some coal and two limestone beds with the fauna of the 
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Taiyuan series of Shansi. To this division Mr. T’an has restricted 
the name PosHAN Srrtes. The higher division carries many coal 
beds and is apparently of Permo-Carboniferous age, resting discon- 


formably upon the lower division. This is called by Mr. T’an the 


Ffg. 275a. Pecopteris cyathea Brongt. = 


HuncsHAN Serizs. It contains no marine fossils. The adjoining 
section. (Fig. 277 p. 885) from Willis and Blackwelder’s volume, 
shows the general succession of the strata. =} 
Mancuurta. Permo-Carboniferous coal-bearing deposits are — 
known from the Pen-Hsi-Hu coal basin in southern Manchuria, some 
40 miles south of Mukden on the Mukden-Antung Railway line: 
These were originally described by von Richthofen, and the flora from 
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these beds by Schenk and subsequently by Zeiller, the latter of whom, 
refers the deposits to the Permo-Carboniferous. Other species from 


this region were described by Yokoyama and more recently the basin 
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Fig. 275b.. 


Pecopteris cyathea Brngt. 
two pinnules enlarged. 


orientale, 6. Alethopterts (?), 7. Teniopteris multiner- 
vis, 8. Calamites sp., 
(mucronata), 11. Sphenophyllum oblongifolium, 12. ° 
Lepidodendron oculus-felis, 13. L. aff. gaudryi, 14. 


Lepidophyllum sp., 


principalis, 17. Samaropsis affinis, 18. Pachytesta 
gigantea, 19. Pterophyllum (?) carbonicum, 20. Stig- 


maria ficoides. 


In commenting upon this list, Mathieu obser- 


was investigated by Mathieu (69). Accord- 
ing to him there are eight workable coal beds, 
furnishing an excellent coal, especially service- 
able for the manufacture of coke. The beds rest 
on a thick series of Ordovician limestones and 
are covered by unfossiliferous quartzite. At the 
eastern extremity of the basin there is an 
important eruptive mass-of porphyry similar to 
that found in the Shi-Men Chai coal basin of 
northern Chihli. The flora of the coal beds 
includes the following species: 1. Neuropteris 
flexuosa (7), 2. Pecopteris arborescens, 3. P. cf. 
densifolia, 4. Odontopteris sp., 5. Callipteridium 


= 
S 


9. C. cistt, 10. Annularia stellata 


15. L. hastatum, 16. Cordaites 


ves, that certain of these species (Nos. 1, 9, 10, 16) are : 
of little stratigraphic volue, having a great vertical Se) 
range. They are all met with in the Westphalian and 


continue to the summit of the Stephanian and even into ~ Fig. 276, - 


Teniopteris je- 


the Permian. Lepidodendron oculus-felis, as it occurs jynaiy, - 


in China, is near certain Westphalian and Stephanian 
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species of Europe. It is very 33 FE 2 
abundant in the Kaiping basin ee x & 
where it has a great vertical exten- Z a S S 
sion. It even occurs beneath the Sag 
Tangshan limestone (Taiyuan Ser- ace 
ies). Certain other species, such Z8 
as Nos. 2 and 3 have a strong Eng 
Stephanian affinity, while continu- 5 


ing into the Permian. Teniop- 
teris multinervis is a guide fossil 


characterizing the Lower Permian, 


b, gray sandy shale and sandstone; 


e, black shale; jf, greenish sandstone and shale; 


i, variegated shales and gray sandstone; j, gray sandstone; 


m, gray and pink sandstone with local seams of conglomerate; 


p, green stratified tuffs; q, basalt dike; 


especially in the basins of Antung 
and Epinac. Most of the species 
found in the Pen-Hsi-Hu basin also 


r, dark gray sandstone. 


occur in the Kaiping basin in 
similar stratigraphic relation. As 
in the Kaiping basin, the coal beds 
of Pen-Hsi-Hu are preceded by a 


a, purple and yellow shales; 


limestone which appears to be the 


x 
g 
8 
S 
=| 
B 
equivalent of the Tangshan, having ae 
| . . o_ 
furnished crinoid stems and Spirifer = 
: : ES 
cf. bisulcatus. In both these basins 4s 
; “ & nm th 
it is of interest to note the persis- ASS 
HOE 
eo - o "a P] 
tence of older types of plants, 7.¢., = aE 
those of Westphalian and Stephan- 1 e 3 oe 
wy o 
. a 86S xu 
ian age, though these are mostly a2 ee 
: : : ‘ pS 
species of little stratigraphic value. 2.2 a EB 
. SD Bem “a 
In the Hon-Kei-Ko, Yen- Sas 3 & 
ao £m Oo 
> om 8 wo 


tai, and other coal fields of southern 
Manchuria, the Cambrian limestone 
(in the Hon-Kei-Ko field it is 


Fig. 277. Partial section of the Carboniferous aad Sin t’ai (Upper-Permian.) strata at Yen-chuang, Shantung showing intrusive 
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Ordovician (?) limestone) is disconformably succeeded by a thin 
complex of shales and sandstones, with small lenticular masses of 
limestone. These contain marine fossils of late Carboniferous or early 


Permian age, and mark a marine invasion from the Pacific on the 


Fig. 278. Spirifer nikitini Tschern. 


east, where the same fauna is found in the vicinity of Vladivostok, 
and in Korea. The fauna is essentially the same in all the sections, 
but the best material so far known has been described from the 
Hon-Kei-Ko Coal field (Hayasaka 49b). , 


Vig. 279. Spirifer winnii Waagen. 


The species definitely identified are the brachiopods Margini- 
fera timanica Tschernyschew, Spirifer jigulensis Stuckenberg, Sp. 
nikitint Tschernyschew (Fig. 278), Sp. tschernyschewi Stuckenberg, 
Sp, supramosquensis Nikitin (Fig. 188, p. 268), Sp, winnit Waagen 
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(Fig. 279), Martinia semiplana Waagen Martiniopsis baschkirica 
Tschernyschew, and the corals: Arachnastrea manchurica Yabe and 
Hayasaka, Cystophora manchurica Y. and H., Chetetes asiaticus Y. 
and H., and Syringopora reticulata Goldfuss. 

The fauna is of the horizon of Schwagerina princeps Ehrenb., 
that species being found in the Hei-jo coal fields in Korea, associated 
with related forms, i.e. Cheletes asiaticus Y. and H., Caninia mnuratat 


Fig. 280. Gigantopteris nicotinxfolia Schenk. 


Y. and H., Cystophora dubia Y. and H., C. kikkanat Y. and H., 


Arachnastrxa coreanica Y. and H., etc. ‘This Hero fauna is at present 


unknown from China, and reprosents a distinct invasion along a 
northern passage-way (ig. 229 p. 325). 
In the Yen-tai coal fields, the HonxerKo beds with Sp. niki- 
tint etc. are conformably succeeded by the continental Yen-tai or Lower 
Coal series. This is 1017.6 feet thick, and consists of shales and sand- 
stones in alternation with 11 coal seams, each varying in thickness 
from 1 to 5 fect. Three of these, each five feet thick, are important 
producers. There are two plant horizons, one 150 to 180 feet above 
the Honkeiko marine beds, and the other 420 feet above these beds, The 
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latter with an upper Stephanian flora contains Gigantopteris nicotine. 
folia (Fig. 280). This will be more fully noted below. The upper 
coal series in the Yen-tai field is 267.7 fest thick, and consists of 
shales and sandstones in alternation with 4 coal seams, each varying 
in thickness from 2 to 7 feet.* No floras have been discovered in this 


series. Z 


The upper coal series is succeeded by a thick sandstone 


formation with some intercalation of shale. 
THE GIGANTOPTERIS FLORA 


The Gigantopteris flora was first discovered by von Richtho- 
fen at Lui-pa-Kou, in the coal field on the Lui-ho in Hunan. (See 
above). The fauna was described by Schenk (83), who in 1888 
named the new large form found in these beds Megalopteris nicotine. 
folia. The species was subsequently referred to the genus Gigantop- 
teris. Among the species of plants associated at Lui-pa-Kou with 
Gigantopteris nicotinefolia (Schenk) (Fig. 280), are the following: 
Annularia maxima Schenk, Cyclopteris trichomanotdes Brongn, 
Newropteris cf. flexwosa Sternb. WV, angustifolia Brongn.,** Pecopteris 
ef. wnitus Brongn., P. cf. miltont Goeppert,*** and Cordaittes princi- 


palis Germar. 


The age of these beds was believed by Schenk to be Carbon- 
iferous, but later Zeiller referred them to Lower Triassic, while David 
White regards them as of Lower Permian age. Yabe agrees with 
~White. 


* T follow Yabe Science Rep. Tohoku Imp. Uniy. 2nd Ser. Vol. LV. No. 2 p. 64. 
In Vol. I. Coal Resources of the World, p. 247 the lower coal series is said to contain 
13 seams and the upper only three, only one of which, 2 to 5 feet thick, is being 
worked. 
** Regarded by David White as a new species, also known from Lower Permian 
of Texas. 
*** Specific reference questioned by D. White, 
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Gigantopteris nicotinefolia Schenk (Wig. 280), is again 
found in the coal-bearing series of Yentai in southern Manchuria, 
where it- occurs in association with the Yaiso coal, about 420 feet 
above the base of the series. Associated with it are: Odontopterts 
reicheana Gutbier, Neuropterts scheuchzeri Hoffman, Callipteridiwm 
ef. pteridium Schlotheim, 
Calamites cf. suckowi Bregt., 
Annularia inequifolia To- 
kunaga, Sphenophyllum ob- 
longifolium Germar and 
Kaulfuss,  Lepidodendron 
oculis-felis Abrado, Stigma- 
ria ficoides Sternkerg, etc. 
Zalessky, Yokoyama and 
Yabe refer this flora to the 
uppermost Stephanian. At 
the base of the series are- 
beds with marine fossils 
representing the Schwager- 


ina princeps zone of the 


late Uralian (see ante), 
and Yabe holds that the Fig. 281a. Giguntopteris dentata Yabe (Korea). 
Yentai flora is to be referred 
to the Lower Permian. As tke species of Gigantopteris is the same as 
that of Lui-pa-Kou, Hunan, that horizon is also regarded as Lower 
Permian. It is, however, more probably Middle or early Upper 
Permian. 

In the Province of Yunnan. the Gigantopteris flora seems to 
be wide-spread. It was first described from Mi-leu and Tou-tsa by 
Zoiller, who identified the leading species as G. nicotinefolia. Yahe 


however refers this to a new species, under the name of G. dentata 
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(Fig.281a,b.) differing from the first species in the denticulate margin, 
and the character of the veination. Zeiller referred the horizon of 
these plants to the Lower Triassic, but David White points out, that 
in comparison with the Texan occurrence, the horizon should be 
regarded as Permian, A collection made by Dr. V. K. Ting, from 
the districts of Hiian-Wei and Tung - chuan in Yunnan, is now 
exhibited in the Museum of the Survey. The following account of 
this flora and its occurrence is contributed by Dr. Ting. 

The formation from which the 
specimens come undoubtedly corres- 
ponds to that of Mi-leu and Tou-tsa 
as they occur in exactly the same 
stratigraphical position. The fossils 
found are as follows: 

1. From Erh-tao-ch’ing [34] 
Tung-chuan Ht)i] Yunnan, Lower 
Fig. 281b.  Giguntopteris dentata Yabe. plant bed Teniopteris abnormis 


Gutbier, Teniopterts sp., Pecopteris 

ef. polymorpha Brgn., Gigantoptcris nicotianefolia Schenk (G. 
dentata Yabe) ; and, from a slightly higher horizon: (upper plant bed) 
Ptychocarpus tingit Halle* Dictyophyllum sp., 

2. Vrom Lu-tsai-p'ing 44828 Hiian-wei:  Annularia 
maxima Schenk; Pecopteris cf. cyathea (Schloth.) Brgn., Gigantop- 
teris nicotinefolia Schenk (G. dentata Yabe). 

3. From Chien-chia-kou, @84¢if near T’ang-t’ang #yHE 
- Hiian-wei, ‘7x: Texniopteris sp., Pecopteris sp., Annularia sp. 

4. Vrom Nien-fei, 43£ Hiian-wei: Sigillaria cf. oculifera 
Weiss. 


* T. G. Halle, Fossil Plants from southeastern China. Palscontologia Sinica Ser. 
A. Yol. I. (in prees) 4 plates, 59 pages. 
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‘‘Prof. Halle who had made these determinations points out 
the intermingling of Palsozoic and Mesozoic forms especially in the 
collection from Erh-tao-ch’ing where the occurrence of Dictyophyllum 
gives the flora a distinct Mesozoic aspect. In spite of this, however, 
it is probably late Permian or at least Permo-Triassic, as the presence 
of Annularia and Sigillaria clearly indicates. 


e 

“This coal series occupies everywhere in Yunuan tho same 
stratigraphical position, namely, always between the Permian basaltic 
lava and the Triassic sandstone and which consists of yellowish and 
brownish fine-grained sandstone of no very great thickness. As all 
the overlying series are certainly marine in origin, it seems more 
logical to group this terrestrial formation with the underlying lavas, 
hence the argument in fayor of regarding it as Permian is still more 


strengthened. 


‘The formation contains three seams of coal each of about 
one meter in thickness, and not far from one another. All the 
seams are of excellent quality and are worked by natives. In Tung- 
chuan the coal is made into coke for the purpose of smelting lead and 


copper.”” 


The horizon with G. dentata Yabe haS been found in a 


number of other localities in Yunnan. 


The flora with Gigantopteris dentata has again been found in 
Fukien, in the coal-bearing serios which overlies limestone with 
Fusulina and underlies the red beds of that province. At the Liu- 
Shan-tou coal mine this species was found associated with another 
new species of Gigantopteris and with Sphenophyllum aff. speciosum 
Royt., Hquisetum serrant Zeiller, Pecopteris sp. etc. .G. dentata has _ 
also been obtained from Anhui (See ante p. 368). 


In Shansi, the Gigantopteris flora has been found by Norin 
at a horizon 280 to 290 meters above the highest marine horizon, the 


892 Stratigraphy of China 


Tungtayao limestone of Lower Permian age. Its position is thus 
between 190-250 meters above the top of the Shansi series. Norin 
refers it to the Lower (more probably Middle or early Upper) 
Permian. 

The same horizon is again found in Chi Rando, in the Heijo 
coal field, Korea, where it overlies the Jido series. The coal-bearing 
formation of the Jido series is contemporaneous with that of Yentai, 
Manchuria, the age of which, as noted above, is 
Lower? Permian. Hence the Chikando horizon is a 
higher one. It contains (1) Gigantopteris dentata 
Yabe, (2) Merianopteris? heijoensis Tok., (8) Nag- 
gerathia? kikkawai Tok., (4) Teeniopteris cf. multi« 
nervis Weiss, (5) Annularia inequifolia Tok., (6) 
Neeggerathiopsis hislopi Bunbury (N. xqualis Goepp. 
seo beyond), (7) Zamites truncatus Zeiller, (8) 
Phyllotheca cf. indica Bunbury, and (9) Neuwropteri- 
dium sp. nov. In neighbouring localities occur, 
(10) Teniopteris lancefolia Koiwei, (11) Cheiropteris 
sp. noy., and (12) Sphenophyllum sp. nov. Numbers 
4 and 5 of this list give to the flora a Paleozoic 


aspect, while numbers 6 and 8 are forms which 

Fig. 292. characterize the Gondwana flora (called Permo- 
:Glossopteris brownia~ (9 yoniferous by some and Permo-Triassic by 
na. Newcastle beds 


‘New South Wales. x° others). Numbers 2,7,10 and 11 are forms with a 
1 


De 


decidedly Mesozoic aspect; and number 9, which is 
of the tyye of Newropteridium voltzi, is a typical Triassic plant. From 
this, the conclusion is drawn that this flora is not older than Upper 
Permian and not younger than Lower Triassic. . 

There are thus two Gigantopteris horizons, one in the Lower? 
Permian the other at the top of the Permian, where the forerunners of 


the Mesozoic types of flora had already made their appearance. 
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It is of interest to note the presence in this flora of the wide- 
spread N. hislopi (N. exqualis) characteristic of the southern or 
Gondwana Flora with Glossopteris (Fig. 282) . 


Surra-CARBONIFEROUS CONTINENTAL FoRMATIONS. 
(See Fig. 262 p. 374 and Fig. 288) . 


Cuina, The rocks of this series represent the continental 
sediments which were deposited over the coal formations in north 
China. They are of fluviatile and in part of colian origin, and 
include conglomerates, sometimes with pebbles several inches in 
diameter, arkoses, red sandstones, and sandy shales, and white 
sandstones with eolian cross-bedding. Banded sandstones, gray 
quartzites, and grits also occur. The red-beds and the arkoses 
indicate, that the period during which they were deposited was one of 
semi-arid, and in part perhaps of desert climate. This is also shown 
in the western part of China, where these Supra-Carboniferous 
red-beds include gypsum and rock-salt. Beds of this type constitute 
the surface rock of large parts of the Red Basin of Szechuan, and 
probably many of the saline waters of China receive their salt content 
from, the solution of salt beds or scattered salt crystals in these Red 
Beds. The characteristics of some of these beds in Shansi have 
already been referred to (p. 876). 


The age of these beds is probably in part late Permian, 
though some portions may represent the deposits during the Permo- 
Triassic interval, and may be of Mesozoic age. They indicate that 
towards the close of the Paleozoic, the relatively moist climate of 
China, under which the coal swamps existed, and the lateritic deposits 
were formed, was replaced by a dry climate, while large areas probably 
became deserts. From this time onwards the sea no longer covered 
north China, though for a short period in Triassic time, marine 


conditions were temporarily reestablished, especially in south China. 
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Section of the Permo-Carboniferous beds of Honan, resting upon Ordovician limestones and followed by Supra-Carbonifer- 
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Fig. 288. 


ous red beds and loess. 


Sin-An District, Honan (After Nystrém). 
a-b, Ordovician limestone; c-d, Taiyuan; ec, Shansi beds:—coal bearing; /, Supra-Carboniferous millstone grit (Per- 


mian); g, red sandstone (Permian or Triassic?) ; h, loess. 


Lowrr ANGARA Brps oF SIBERIA 
AND Moneorra. From the lower 
part of the so-called Angara series, 
which is the name applied by Suess 
to the continental formation of the 
Siberian region (essentially Angara 
land), a number of Dalssozoic species 
of plants have been described. It is 
probable that this Paleeozoic conti- 
nental series will eventually be de- 
finitely separated from the Angara 
formation, the age ‘of which is 
primarily Mesozoic. It will hero be 
referred to under the name of Kus. 
NEZK SERDES from the well known 
locality of that name. The follow- 
ing are the species which have been 
recorded by Zalessky (71): From 
Tarbagatai, Russia: Psygm ophyllum 
potanini (Schmalhausen) (Big. 
284a), Neurogangamopieris cardiop- 
teroides -(Schmalh.) (Fig. 285), 
Neggerathiopsis «xqualis (Goeppert) 
(Fig. 286a), Dicranophyllum lusi- 
tanicum (Heer), Volzia heterophylla 
Brongniart (Fig. 284c). From 
Tangnouola Mountain, — north-west. 
Mongolia: Newrogangamopteris car- - 
diopteroides (Schmalh.), Naggera- 
thiopsis xqualis (Goeppert), Psyg-. 
mophyllum » potanini .(Schmalh.), 
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Lepidodendron schmalhauseni Zalessky. From Boukou-Mouren Steppe, 
Mongolia: Psygmophyllum mongolicum Zalessky (Fig. 287a), -P. 
potanini (Schmalh,) (Fig. 284b), Neurogangamopteris cardiopteroides 
(Schmalh.), Phyllotheca sp , Callipteris murenensis Zalessky, Sama- 
riosus sp., Dicranophyllum lusitanicum (Heer). From the Upper Tung- 
uska or Angara river, Siberia:  Glossopteropsis angarica Zalossky (Fig. 


Fig. 284. Plants of the Kusnezk Series. a, Psygmophyllum potanini Schmalh. Tar- 
bagatai (Russia) x 34; b, P. potanini Schmalh. Bouken Mouren steppes 
Mongolia, nat size; c, Volzia heterophylla Brongn. Tarbagatai x 34; d, 
Phyllotheca deliquescens (Goepp.). Lower Tunguska, Siberia x3. 
288a), Psygmophyllum potanini (Schmalh.), Neuwrogangamopteris 
cardiopteroides (Schmalh.), Pecopteris anthriscifolia (Goeppert). From 
the coal-bearing deposits of Minuzinsk, Abakan basin: Cardiocarpus 
sp., Neggerathiopsis xqualis (Goeppert), Newrogangamopteris cardiop- 
teroides (Schmalh.), Newropteridiwm sibiricwm Petunnikow, Aneimites 
lopatini (Schmalh.), Phyllotheca deliquescens (Goepp.), Pecopteris 
anthriscifolia (Goepp.). From the coal-bearing deposits of Minuzinsk 
and the Kirghiz Steppos: <Aneimites lopatint (Schmalh.) (Fig. 
288b), Neggerathtopsis xqualis (Goopp.), Lepidodendron kirghisicwm 
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Zalessky, Oaenodendron primaevum Zalessky, Angarodendron obrut 


chevi:Zalessky. From the Lower Tunguska: Phyllotheca deliquescens 


(Goepp.) (ig. 284d), 
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Fig. 285. 


Neurogangamopteris cardiopter- 
oides (Schmalh.) Kusnezk Ser- 
ies, Tarbagatal. x %, 


Neggerathiopsis xqualis 


P. equisetitoides Schmalhauson (Fig. 289a), 
P. schtschurowskit Schmalhausen, P. paiuei- 
folia Schmalhausen, P. stellifer Schmalhau- 
sen (Fig. 289b), Phyllopitys heert (Schmalh.) 
(Fig. 289c), Hquisetites (Equisetum) czeka- 
nowskii (Schmalh.), Gangamopteris glossop- 
teroides (Schmalh.) (Fig. 288c¢), Czekan- 
owskia rigida Heer, Pecopteris anthrisctfolia 
(Goepp.) (Figs. 290a, 291a), Sphenopteris 
tunguscana (Schmalh.) (Fig. 292a), Cardio- 
carpus depressus Schmalhausen, Neggera- 
thiopsis exqualis (Goepp.) (Fig. 286b), 
Nephropsis integerrima (Schmalh.), Gink- 
gopsis czekanowskii (Schmalh.). From the 
coal-bearing deposits of the Kusnezk basin: 
(Goepp.) (Fig. 286c), WN. cardiopteroides 


(Schmalh.), Phyllotheca schtschurowskii Schmalhausen (Fig. 286d), 


Fig. 286. Plants of the Kusnezk Series. a, Neggerathiopsis wqualis (Goepp.) Tarba- , 
i gatai; b, NV. xqualis (Goepp.), Lower Tunguska; ¢, NV, wqualis (Goépp.); 


Kusnezk basin; d. 


Phyllotheca schischurowskii (Schmalh.) Kusnezk basin, 


‘All one half nat. size. 
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P. deliquescens (Goepp.) P. socolowskii (Eichwald), Pityophyllum 
longifolium Nathorst, Glottophyllum cuneatum (Schmalh.) Zalessky, 
Callipteris altaica Zalessky, C. zeilleri Zalessky (Figs. 290b, 291b), 
Podozamites lanceolatus var. eichwaldi Heer, P. lanceolatus Lindley, 
Baiera parvifolia Zalessky (cf. Batera pulchella Heer), Baiera zeillert 
Zalessky, Cladophlebis adnata (Goepp.) (Figs 287b, 290c), Otopteris 


Fig. 287. Plants of the Kusnezk Series, a, Psygmophyllum mongolicum Zal. 
Boukou-Mouren Steppes Mongolia; b, Cladophlebis adnata (Goepp.) 
Kusnezk basin. X 2%. 


ovata McGoy (Fig. 298), Newropteris sp., Schizonewra gondwanensis 
Feistmantel, Ozekanowskia rigida Heer, Alethopteris (Aspleniwm) 
whitbiense Goeppert, A. lindleyana Royle, Sphenopteris batchatensis 
Zalessky, S. muricea Zalessky, S. erosioides Zalessky, S. aff. mathets 
Zeiller, S. odontopteroides Zalessky (Fig. 290d), 8S. batchatensis 
Zalessky, S. polymorpha Feistmantel, Gangamopteris cf. buriadica 
Feistmantel, Neurogangamopteris cardiopteroides (Schmalhausen), 
Pecopteris anthriscifolia Goeppert (Fig. 292b),  Dioonites 
inflecus Kichwald ‘‘Salairsk’’, Phoenicopsis angustifolia Heer, Odon 
topteris sibirica Zalessky (Fig. 291¢), Neuwropteridiwm validwm 
Veistmantel, NV. sibiriewm Petunnikow, Cyathea tchichatchoeffi Schmal- - 
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hausen, Samaropsis sp., Psygmophyllum cuneifolium  (Kutorga), 
Cladostrobus lutugini Zalessky, Ginkgo sp., G. digitata (Brongniart) 
(Fig. 290e). 
Among these fossil plants Newggerathiopsis xqualis (Goeppert 
Fig. 286a-c) appears to be one of the most characteristic. This was 
originally described by Goeppert as Cordattes xqualis and it has been 


Fig. 288. Plants of the}Kusnezk Series. a, Glossopteropsis angarica Zal. Upper 
Tunguska or Augara, Siberia; b, Anetmites lopatini (Schmath.) 
Minuzinsk, Siberia; c, Gangamopteris glossopteroides (Schmalh.) 
Lower. Tunguska. All one half nat. size, 


shown by Zalossky that this is identical with Neggerathiopsis hislopi 


(Bunbury) of the Gondwana flora (Talchir, Damuda and more 
doubtfully the Triassic beds) . 


In Western Siberia this flora has been traced over an arca 
of many thousands of square miles, extending in a straight line over 
2000 miles (Stoyanow 81). From tho Tarbagatai mountains on the 
Russo-Mongolian frontier (between latidutes 47° and 48°, longitude 
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82° to 86°} these plant-bearing beds have been traced as far north as 
the Khatanga river, near the Arctic coast (long 105°). Hastward 
they have been traced to the vicinity of Lake Achit in the Valley of 
Lakes, and in the Taunu Ola mountains, about 1500 miles from the 
Ekibastus mines, in the Kirghiz Steppes, which is the westernmost 
point where the Paleozoic portion of the Angara series has been 
observed. In the region of Saisau lake, the Lower Carboniferous; 


which here rests on the marine Devonian, begins with conglomerates, 


Fig. 289. Plants of the Kusnezk Series. a, Phyllotheca equisetitoides Schmalh. ; 
b, P. stellifera Schmalh.; c, Phyllopitys heeri (Schmalh.). Lower 
Tunguska, Siberia. All one half nat. size. 


clays, sandstones and intorstratified voleanie breccias together with 
heavy flows of porphyrites and their tuffaceous varieties. In the 
western portion of the Tarbagatai mountains, the Lower Carboniferous 
is of marine character but further north continental and gemi-contin- 
ental conditions prevailed, the beds everywhere containing the Culm 
flora. The succeeding beds are sandy and shaly and include the coal 
measures. They aro also interbedded with volcanic ash and flows, 
and contain the earliest representatives of the Angara flora. It has 
generally been held that these must have been of necessity true 
Carboniferous, since they succeed heds with the Culm flora and rest 


with apparent conformity upon these lower horizons. Since we know, 


> 
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however, that elsewhere in eastern Asia, beds7of very late=Carbonifer- 
ous or Permo-Carboniferous rest directly upon late Lower Carbonifer- 
ous, as for example in the Chinese basi, where Lower Permian 
succeeds the Taiyuan series with apparent conformity, though in 
reality with a disconformity, the argument for the Carboniferous age 
of the lower Angara series loses much of its weight. 


Fig. 240. Plants of the Kusnezk Series. a, Pecopteris anthriscifolia (Goepp.); 
' b, Callipteris zeilleri Zal., Kusnezk Basin; ¢. Cladophlebis adnata 
(Goepp.) Kusnezk Basin; d, Sphenopteris odontopterotdes Zal., 

Kusnezk Basin; e; Ginkgo digitata (Brongn.) b-e one half nat. size. 


In the section northward from the Chinese border to lake 
Saisau, Stoyanow (81) finds the succession in general as follows: On 
the northern slopes of the Tarbagatai Mts. only Devonian and Culm 
beds occur ‘‘The lowest horizon of the Middle Dovonian is of a 
striking appearance and seems to mark a transgression of the sea over 
an ancient land of unknown age and nature. It consists of very 
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ferruginous boulders up to one foot in diameter or even larger, 
cemented by white limestone filled with, or made up wholly of corals 
and Stromatopora,’’? These bouldery limestones with corals represent 
the Kwenlun transgression in this region, and are succeeded by white 


limestones from which an American Hamilton fauna has been reported 


Fig. 291. Plants of the Kusnezk Series. a, Pecopteris anthricifolia (Goepp.) . 
Lower Tunguska; 6, Callipteris zeillert Zal. Kusnezk basin; ¢, 
Odontopteris siberica Zal. Kusnezk basin. All one half nat. size. 


(Spirifer mucronatus Conrad, S. audaculus Conrad, Leptostrophia 
perplana Hall and Dowvillina inxquistriata Conrad). If these iden- 
tifications are correct, this fauna would appear to represent the 
inyasion of the Hamilton element across the Boreal region, probably 
at the close of Hifelian time, before the Hamilton sea, was entirely cut 
off from these northern regions (compare Figs. 98, 101 and 102, pp... 
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158-158). These beds are in turn succeeded by Upper Devonian 
sandstones, from which American forms have likewise been reported, 
though the identification of these may perhaps be questioned (Spirifer 
mesicostalis Hall, S. mesistrialis, S. disjunctus (S. verneuili Murch.) , 
Hypothyridina cuboides Sow. and in the highest beds Dalmanella tioga, 
D, carinata, ete.). The succeeding Lower Carboniferous (Dinantian) 
beds consist of clays, sandstones and conglomerates with interbedded 


Fig. 292. Plants of the Kusnezk Series. a, Sphenopteris tunguscana (Schmalh.) 
Lower Tunguska; 6, Pecopteris anthriscifolia (Goepp.) Kusnezk 
basin. One half nat. size. 


tuffs carrying the Culm flora including Asterocalamites scrobiculatus 
(Fig.145.p.216 )and Lepidodendron volkmannianwm (Fig.195,p.275). 

The sueceding supra-Carboniferous beds are found in the 
sunken plain of Chiylikty, which separates the Tarbagatai from the 
Monrak range next north. Here the coal beds of the series are 
capped by sandstones and compact shales with Neurogangamopteris 
cardiopteroides and Neggerathiopsis xqualis. These supra-Carbonifer- 
ous beds play a considerable part in the composition of the Monrak 
range, on the south slope of which they consist of almost vertical 
conglomerates, coarse sandstones, quartzite, thick tuffaceous sand- 
stonos and sandy shales, These again contain Newrogangamopteris 
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cardiopteroides (Fig, 285), Rhacopteris potanini Schmalh., Dicrano- 
phyllwm lusitanicwm (Heer), ete. Near the northwestern termination 
of the range, a thick series of hard white, reddish and yellow calcare- 
ous sandstones, contain fish remains in the lower portion, while the 
middle part is filled with shells of Posidoniella levis Broun. and P. 
elongata Phil. The upper beds contain beautifully preserved speci- 
mens of Neggerathiopsis xqualis Goepp. Here, for the first time, 
these plant beds have been found associated with those carrying 
marine or brackish faunas. On the northern side of the Monrak 
range, bright-colored odlites also contain, near the top, shell-bearing 
sandstones with Posidoniella elongata Phil. and P. variabilis; these 
likewise are capped by conglomerates and sandstones with Neuro- 
gangamopteris cardiopteroides and Dicranophyllum  lusitanicum. 
These Postdoniella beds apparently mark the last of the marine 
Lower Carboniferous beds, or they may be early Permian as in Kansu 
(See Appendix). They are followed by the coal sories probably with a 
disconformity. In the south-eastern part of the Monrak range the 
supra-Carboniferous series overlies the Culm beds with Asterocalamites 
serobeculatus from which it is separated by sheets of porphyry, etc. 
The succession of the beds here is as follows in descending order: 
g. Thick series of shales interstratified with calcareous 
sandstones and carrying fish-remains in the upper, and 
Modiola transversa Hind and M. megaloba McCoy in 
the lower part. 
f. Gray calcareous sandstones with the same Modiolas. 
®. Black calcareous shales filled with Modiola lata Port., 
M. megaloba McCoy, M. fabalis de Ryckold. 
d. Thin carbonaceous shales. 
c. Thick calcareous sandstones with poorly preserved 
pelecypods. 
b. Shaley slates, 
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a. Tuffaceous sandstones resting on the porphyry which 

overlies the Culm. 

These Modiola beds belong to the Lower Carboniferous, and 
are succeeded by the Posidoniella beds previously referred to, which 
are in turn succeeded by the beds with the Kusnezk plants. There is 
here no indication whatever that the sequence is continuous, and it is 
quite probable that there is a pronounced hiatus and disconformity 
’ kelow the Posidoniella 
beds, and another bet- 
ween them and the beds 
with the Kusnezk 
plants. A discovery 
of considerable interest 
is the finding in the 
Kusnezk basin, and 
elsewhere, of fresh- 
water pelecypods An- 
thracomya  phillipsir 
Will., A. levis Daw- 


Fig. 298. Olopteris ovata McCoy. New South Wales and oe 
; é gon and A. minima 
Kusnezk basin, X 2. (Kusnezk Series.) 2 


Ludwig. At Eruna- 
kovo these are found on the same slabs with well preserved specimens 
of Neggerathiopsis xqualis. In the mines of Kolchugino, Naggera- 
thiopsis zxqualis has been found together with Parallelodon angustus 
Hind. From this occurrence it would appear that Naggerathiopsis 
aqualis had already appeared in this region at the time that these 
pelecypods existed. In Europe they are Upper Carboniferous types 
but that does not preclude the possibility that in Asia these may have 
continued into the Permian. To refer the Kusnezk flora to the 
Carboniferous merely on the strength of these pelecypods seems rather 
venturesome, especially when we consider the conditions which must 


have been instrumental in permitting migration of these species. 
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The flora of the Kusnezk Series isa remarkable combination 
of Paleozoic and Mesozoic types, as has frequently been remarked, but 
the Paleozoic forms predominate. In spite of the association of 
Carboniferous pelecypods it is probably to be classed as Permian. 
Another remarkable feature of the flora is an admixture of the 
southern or Gondwana types. Woe shall again refer to the Gondwana 
floras in connection with the discussion of the Jurassic floras (Chapter 
XIII) and it will then be shown that certain periods of extensive 
land connection existed when this flora could: be distributed. So far 
as actual identity with forms occurring in the Lower Gondwana series, 
t.e. the Glossopteris flora, is concerned, this is very slight, the only 
forms being Schizoneura gondwanensis, a form occuring in the Talchir, 
Damuda and Panchet series of India and in New South Wales; 
Phyllotheca deliquescens found in the Neweastle sandstone of N. 8. 
Wales; Gangamopteris cf. buriadica, a form characteristic of the 
Talchir division of India; Sphenopteris polymorpha, occurring in the 
Damuda beds of India and the Newcastle sandstones of New South 
Wales; Naggerathiopsis xqualis (Goepp.), (VN. hislopi (Bunb.)), of 
the Talchir and Damuda beds, and Voltzia heterophylla of the Talchir 
and Damuda divisions of India, and widely distributed in Europe as 
well. The occurrence of both Glossopteris and Gangamopteris in this 
Siberian flora indicates that there was a possibility of inter-migration 
between the northern and southern regions, as does also the occurrence 
of Volizia heterophylla in the southern region, this being a typical 
northern form. From Soukhona and Petite Duina Russia, have been 
recorded three additional species of Glossopteris (G. indica, G. 
angustifolia and G. stricta), and two of Gangamopteris, G. cyelopter- 
oides and yar. major (Amalitzky 2, 3.). These beds occur inter- 
mediate between a Lower Permian horizon with Lepidodendron and 
Calypteris conferta, and sediments containing upper Zechstein 
Mollusca. ; 
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Aside from these, however, the Kusnezk and Gondwana 
floras are quite distinct, showing that during the main period of 
development the regions were separated. It is possible that this 
northward migration of the Gondwana flora occurred during Carbon- 
iferous (pre-Parmian) time, though so far as we know there were no 
direct land connections, and migration by way of Cathaysia can 
hardly be considered, since the Chinese Permian flora is entirely 
distinct, being characterized by Gigantopteris, except in Tonking 
where a remnant of the Glossopteris flora occurs. It is however, 
possible that this migration took place at the end of Permian time, 
when, as will be shown in the next chapter, there was a withdrawal 
of the sea and widespread land connections. In that case, however, 
this northern flora can not be considered as strictly of Permian age 
but rather as carly Mesozoic, perhaps early Triassic, with a persistent 
Permian element. The Tonking flora, described by Zeiller (110-113) 
includes the following species of the Glossopteris flora, though the beds 
in which they occur are regarded as Rheetic in age:  Glossopteris 
indica Sckimper, G. angustifolia Brong., Neggerathiopsis hislopi 
(Bunb.) (VN. xqualis (Goepp.) Zalessky), Palxovittaria kurzi Feist., 
Teeniopteris spatulata M’Clelland, 7’. cf. macclellandi (Old. and Mor.) 
Daneopsis cf. hughest Feist. (Sphenopteris ef. hughesi Feist.). It is 
however, of interest that from San-schi-li-pu, in the province. of 
Shensi, China, two typical membors of the Glossopteris flora have been 
obtained, namely Danxopsis hughesi Feist. and leayes resembling 
Noeggerathiopsis wqualis (Goepp.) (NV. hislopi(Bunb.)). A Schizoneura, 
(S. krassert Seward), was also found in Szechuan in beds regarded 
as of Rheetic age. The Rhetic flora of Tai-Pin-Tchang in southern 
China contains Glossopteris indica Feist. in association with Clado- 
phlebis resserti (Presl.), a typical Rheetic fern-like plant. Glossopteris 


indica is also recorded from Kiang-ti-ho. 
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TECTONIC DISTURBANCES AND VOLCANISM, 


Tho Paleozoic of China closed in general with extensive 
withdrawal of the sea over wide areas. There were however, some 
tectonic disturbances as in other countries, though they do not appear 
to have been so pronounced. The most notable was the folding of the 
strata of the Tsingling geosyncline, this being shown by the relation- 
ship of the Paleozoic and Mesozoic strata in the present Tsingling 
range, as illustrated in the partial section from von Richthofen (Fig. 
294, p. 406). The movement appears to have been from the north 
southward or from the old-land towards the geosyncline, as is the 
usual case in such folding. This is shown by the steeper limbs of the 
anticlines of the older series on the south, though subsequent (late 
Jurassic) folding has steepened these still more, 

At this time too, there appears to have begun a period of 
deep-seated igneous intrusions which continued to Middle Jurassic 
time, This resulted in the formation of the granitic rocks of the 
Nanking Hills (see section Fig. 172, p. 250) and others like it, 
which did not extend above the Permian, Local metamorphism also 
took place during this interval, according to recent observations of Mr, 
C,. CG, Liu. 
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APPENDIX. 


SUPPLEMENT A. 
ADDITIONS TO THE PALZOZOIC STRATIGRAPHY OF CHINA 
AND ADJACENT REGIONS. 


The rapid progress in the study of Chinese Paleeozoic Strati- 
graphy makes it desirable to take account here of the new discoveries 
and interpretations, and thus bring the discussion, so far as possible, 
up-to-date. At the same time a few corrections are introduced here, 
and references to literature not previously available are given. The 
revised spellings of the names of geological formations, recently adopted 
by the Survey, are summarized at the end of the supplement. 


SINIAN SYSTEM. 


CHINA. Beds of Sinian age have recently been discovered in 
the Yangtze valley by Professor J. S. Lee and students from the 
Geological Institute of the National University. These Sinian strata 
are especially well shown in the Ichang gorges where the Nant’ou 
tillite is followed by some 700 meters of limestones with characteristic 
Collenia, especially C. cylindrica. These are the beds previously 
referred to the Kisingling series by Willis and Blackwelder and by 
them considered to be of Cambro-Ordovician age, (See section given 
on page 20). These beds are succeeded by the Surparl sHALEs. of 
Lower Cambrian (Manto) age, characterized by Redlichia chinensis, 
etc. The Nant’ou tillite is now definitely included in the beds of the 
Sinian System, as suggested on p. 21. 


The Sinian formations of the Ichang gorge region are sus- 
ceptible of a three-fold division, this being in descending order: 


Super Formarion: Lower Cambrian Shipai shales. 
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Srnran SystEM 


Upper or Tongying Limestone...... ........ 510 m. 

Middle or Tonshanto Series..............00.5. 198 m. 

Lower or Nant’ou Tillite Series............... 83 m. 
Unconformity. 


SuprorMation: Santoupin Group (Archean?) 

Jn view of this new discovery the diagram on p. 20 will have 
to be changed, the entire sedimentary series there represented being a 
part of the Sinian System. 

INDIA AND THE Himatayass: In India, the Archean forma- 
tions are succeeded unconformably by a series of little or not at all 
metamorphosed rocks which have been designated by the collective 
term Purana Group. In the Peninsula area they admit of the 
following subdivisions in descending order: 

Purana Group: 

VINDHYAN SysTEM 
Upper Vindhyan 
Bhander Series 
Rewah Series 
Kaimur Series 
Disconformity 
Lower Vidhyan 
Kurnool Series Limestones and calcare- 
Rhima Series, ete. { ous shales 
Malani Series, rhyolites and tuffs 
Granite intrusion 
UNconFoRMITY 
CuUDDAPAH SYSTEM 
Upper Cuddapah 
Nallamalai, Kirtna and Kaladgi Series 
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Disconformity 
Lower Cuddapah 
Bijawar, Cheyair and Gwalior Series 
Papaghani Series 
Gruat UNCoNFoRMITY. 


ARCB.EZAN GROUP. 


The younger or Vindhyan System is correlated by the Indian 
geologists with the Torridonian of Great Britain, and the older or 
Cuddapah with the Algonkian. The former is undoubtedly referable 
to the Sinian System, to which the older may also eventually be found 
to belong, though the possibility of its pre-Sinian age may not be 
denied. 


The Vindhyan system forms the central Indian Highlands, 
which divide the Indo-Gangetic plain from the Deccan plateau, 
extending from the Vindhya mountains on the west to the western 
part of Behar province on the east. They appear again in a belt of 
unfossiliferous sediments between the crystalline rocks of the Central, 
and the younger rocks of the Outer Himalayas, and these are believed 
to be the northern outliers of the strata of the Peninsula with which 
they were formerly continuous. If this was the case, they represent 
the deposits in a geosyncline of very great width, much wider than 
that of the present Indo-Gangetic plain. It it however, conceivable 
that the strata of central India were deposited in a geosyncline to: the 
south of the former old-land now converted into the great alluvial 
plain, while those of the Himalayas were formed in the Himalayan 
geosyncline to the north of this old-land where subsequently the 
younger Paleozoic strata accumulated. 


The Vindhyan system has a thickness of some 14,000 feet, 
and consists of strata all of which are probably of continental origin. 
At least no undoubted marine fossils have been found, though the 
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rocks are eminently ‘fitted to preserve them. Those remains which 
have been obtained are some chitinous disks, probably of some crusta- 
cean or merostome, and ‘‘fucoidal’’ markings. The lower part of the 
Vindhyan series consists of limestones and shales with rhyolites and 
granitic intrusions, while the upper part is almost exclusively arena- 
ceous, with ripple-marked and diagonally-bedded sandstones, and beds. 
penetrated by mud-cracks, a characteristic feature. Except where 
affected by comparatively recent disturbances, the beds are still practi- 
cally horizontal, and there is no metamorphism other than the normal 
induration. The shales have not developed cleavage, nor have the 
limestones undergone crystallization. A feature of some interest is the 
presence of diamond-bearing conglomerates between the several 
subdivisions, especially of the upper Vindhyan series. The diamonds 
are derived from pebbles of an older andesite, which is regarded as. 
the mother-rock in which the diamonds crystallized. 

The Vindhyan series rests unconformably upon the gently 
folded Cuppapaw sERIES, or upon the much disturbed and altered 
ancient rocks. The beds of the Cuddapah series have a different. 
distribution, being extensively developed to the south of the Deccan 
plateau, the type locality lying in the middle of the Madras presidency. 
These beds rest with a great unconformity upon the Archean rocks 
but are themselves only moderately disturbed. They consist of much 
indurated and compacted shales, slates, quartzites and limestones, and 
although slatey cleavage is developed in the argillaceous rocks, more 
extreme metamorphism is lacking. The series has a thickness of 
20,000 feet and the beds are totally unfossiliferous, though the rocks 
are well fitted to preserve organic remains. This would indicate that, 
like the younger Vindhyan, the Cuddapah is also a continental series. 
Much volcanic rock occurs, and dykes of basic augite-andesyte traverse 
the older rocks, these being regarded as the parent rocks of the 
diamonds. They are the source of the pebbles of the diamond-bearing 
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conglomerates of the younger series. The Cuddapah series, in spite of 
its moderate metamorphism, is probably of late Algonkian age and 
therefore pre- Paleozoic. 


CAMBRIAN SYSTEM. 


GENERAL. The three provinces of Lower Cambrian time in 
Eurasia (p. 22) were the Atlantic (Holmia fauna), the Boreal 
{ Olenellus fauna) and the Indian (Redlichia fauna). The Indian 
province was probably in part continuous with the Pacific, the latter 
probably not being the home of the Olenellus fauna as previously 
suggested, that fauna being endemic in the Boreal waters. From this 
source it extended southward in the Appalachian geosyncline of 
eastern North America to the Albany axis (p. 60), which already 
existed in Cambrian time. Olenellus is found in the deposits north of 
this axis, but more rarely in the southern Appalachians wher other 
forms occur which apparently had their home in the Pacific. The 
Olenellus fauna likewise extended south in the Cordilleran geosyncline 
of western North America; probably to a much greater distance than 
on the east. On the European side this fauna reached south to 
northern Scotland while in Asia it extended into the Irkutsk basin but 


was separated by land from the Indian extension (See map, p. 24). 


In the southern Appalachians the Lower Cambrian fauna is 
characterized by “ Olenopsis’’ roddyi Walc.* and other forms probably 
of Pacific origin, while the Lower Cambrian deposits of the southern 
Cordilleran geosyncline carry Nevadia, Callovia, ete., which probably 
also belonged to the Pacific Lower Cambrian fauna, and some of which 
extended into the Appalachian geosyncline. On the other side of the 
Pacific, in the Indo-Pacific region, the sea extended northward 
through China into Manchuria and westward along the Himalayan 


* Probably not congeneric with Olenopsis zoppit Meneghini of Sardinia. 
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geosyncline. Here, as in the Australian region, it was characterized 
by Redlichia (map, p. 23). 

In Middle Cambrian time the Boreal seas extended far to the 
south in eastern Asia and probably became confluent with the Indo- 
Pacific basin. In any case, the fauna has been traced as far as 
Tonking in Indo-China. In like manner the fauna extended gsouth- 
ward in the Cordilleran trough of western North America and 
probably to a certain extent in the northern Appalachian trough. 
Like the Olenellus fauna, the Olenotdes-Dorypyge fauna, was probably 
at home in the Boreal sea. 

Late Middle or early Upper Cambrian of the Atlantic 
province extended in the Mediterranean embayment as far east as 
Syria (Blankenhorn VIII, 2, pp. 12-13). 

Cuina. One of the most significant recent discoveries in the 
Cambrian of China was made in the Ichang Gorge of the Yangtze by 
Professor J. S. Lee and students of the National University, who 
found the Sinian limestone succeeded by 200 meters of Lower 
Cambrian shale with Redlichia chinensis. This is the Sarpar sHALE 
of the gorge section, and it begins 700 meters above the Nantou tillite 
and in general corresponds, in part at least, to the Manto shale of 
North China. This Lower Cambrian shale is in turn overlain discon- 
formably by the Ichang limestone, the lower beds of which are 
characterized by Archxocyathids and Girvanella sinensis, and repre- 
sent Lower Ordovician. 

Evidence is accumulating to indicate the wide extent of the 
Cambro-Ordovician disconformity in China, this disconformity in the 
Ichang gorge cutting out Middle and Upper Cambrian, while in other 
parts of China the Ordovician is found to rest on various members of 
the Middle or Upper Cambrian series, 

The latest studies of the Cambrian succession in China have 


shown the presence of a higher member of the series than was 
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previously recognized. This is the FinasHAN sERIES which succeeds 
the Chaumitien limestone previously regarded as the highest member 
of the Cambrian (see section p. 33). In Féngtien the SHaxuoruN 
LIMESTONE appears to represent the lower part of the ‘Féngshan series 


and is followed disconformably by Ordovician or younger beds. 


In the Kaiping basin of north Chihli, the Chaumitien 
limestone is replaced by the CHaNnasHaNn sHALE (Sun 55). This 
underlies the Féngshan limestone and has in part a distinctive fauna. 
The Kushan shale (upper Middle Cambrian) is doubtfully repre- 
sented, but the Changhia limestone (lower Middle Cambrian) and the 
Manto shale (Lower Cambrian) are present. 


In Lincheng, south Chihli, the Lower Ordovician rests — 
disconformably on the Kushan shale which here carries its character- 
istic fauna. The Changhia and Manto shales are also present, the 
latter resting disconformably on the Sinian. 


In Shantung, recent studies by Mr. Sun have shown that the 
limestones of Pagoda hill or Kaoli-shan, opposite Taishan, represent a 
new and very young Upper Cambrian horizon (Kaoli limestone), 
essentially equivalent tothe Féngshan series of the more northern 
region, This limestone has furnished Chlonograptus cambria Sun and 
many brachiopods and trilobites, most of which are new. Very few of 
the species are at present known from other localities. Among the 
characteristic forms are the following (Sun 55). In the upper part: 
Ptychaspis angulata Sun, P. subglobosa Grabau, Quadraticephalus 
walcotti Sun, Obolus taianensis Sun. In the lower part: Agnostus 
cyclopygeformis Sun, Tatanocephalus grabaui Sun, Mansuya orientalis 
(Grabau) Sun, Kaolishania pustulosa Sun, Chuangia batia (Walc.) 
and Syntrophia orthia Walcott. 


From the upper beds of the limestones a Chau-mi-tien, Mr. 
Sun has obtained a fauna of Orthoceran cephalopods which appears to 
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mark the first invasion of the Ordovician fauna. These Orthocera 
are still associated with Upper Cambrian trilobites. 


OrpovIcIAN SysTEM, 


The Cambro-Ordovician disconformity appears to be a very 
general structural feature in the Chinese succession, the Lower 
Ordovician resting on various members of the Cambrian, even the 
Manto shale, as in the Ichang Gorges. 


Graptolite Shales. 


New Zeatanp. In Lower Ordovician time the Bengal 
Straits were apparently still open as they were in the Upper Cambrian 
period, for Ordovician graptolites of characteristic European and 
American types are found in New Zealand (north-west and south-west 
part of South Island). The fossils identified from Golden Ridge, 
near the West Wangami inlet, are only graptolites and comprise the 
following forms: Bryograptus lapworthi Ruedem., Dichograptus octo- 
brachiatus Hall, Didymograptus extensus Hall, D. gibberulus Nichol- 
son, D. nitidus Hall, D. nanus Lapw., Goniograptus perjlexilis 
Ruedem., G. geometricus Ruedem., Loganograptus logani Hall, 
Phyllograptus anna Hall, P. ilicifolius Hall, P. typus Hall, Tetra- 
graptus amit Elles and Wood, T. bigsbit Hall, T. quadribrachiatus 
Hall. They represent the Deepkill fauna of eastern North America 
being nearly all characteristic American species. The equivalent 
European horizon is seen in the middle Skiddaw slates of England. 

Curva. Middle Ordovician graptolite shales have been 
discovered by Péres Teilhard de Chardin and Licent in the western 
Ordos, between Ningsiafu in Kansu and Tongkow, Mongolia, not far 
from the Great Wall. (Approximately longitude 107° E., Lat. 39° 
20’ to 39° 30’ N.). These graptolites occur in a dark, fine, nearly 
black massive argillutite, which appears to be of considerable thickness 
and overlies the older Ordovician limestone. Several of these species 
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are new but one at least, Didymograptus euodus Lapw. indicates a 
lower Llandeilo horizon, as does also Dicellograptus sp. The two new 
forms are Climacograptus teilhardi Gr. and C. licenti Gr. named after 
the discoverers of these species. The first is represented by stipes up 
to 20 millimeters in length with a width of 2 millimeters at each end. 
There are 9 thece in 10 millimeters and they are almost opposite or 
but slightly alternating. The excavations are very oblique and 
crescentric, occupying about one-fourth the width of the polypary on 
each side. The lower part of each theca above the excavation is 
thickened in crescentiform manner, giving the surface a sculptured 
appearance. The outer angle of the aperture is acute and is also 
thickened by a short crescentiform ridge. The length of the outer free 
edge of the theca is one millimeter, the total length 2 millimeters, 
giving an overlap of about one-half the length. The thickening of the 
thecal margins, on either side of the excavation, gives the surface a 
distinctly sculptured appearance, which is very striking. The poster- 
ior thickening does not follow the margin of the excavation but, 
beginning at the ventral edge of the excavation, curves backward at a 
greater radius. The species is of the general form and proportions of 
C. antiquus but is readily distinguished by the sculptured character of 
the surface. 

Climacograptus licenti Gr. is also represented by fragments 
something over 2 centimeters in length, these increasing from a width 
of one millimeter at the lower end to nearly 2 millimeters at a point 
12 millimeters higher, after which there is a slight decrease again 
until the width of the upper end is only 1.5 millimeters. In the 
lower part there are 12 thecee to 10 millimeters, in the upper only 10 
to 10 millimeters. The excavations are oblique, approximately 
alternate in position and are wider at the rounded inner, than at the 
outer end. They extend inward for about 0.5 millimeters or one-third 


to one-fourth the width of the stipe. The outer angle of the aperture 
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is acute, sometimes slightly pointed. The species differs from C. 
tevlhardi in the absence of the thickening of the margins of the 
excavations, and in having both sides of the excavations concave. 
They are also deeper in this species, occupying in some specimens 
more than one third the width of the stipe. 


Graptolite shales of a higher horizon have been obtained by 
Mr. P. Yuan of the Survey from Kansu.* The formation which has 
furnished these is typically exposed at Kuan-Chuang, 20 li south-west 
of Ping-Liang-Hsien, Kansu, about latitude 35° 20’ N., longitude 
106° 40’ E.** The formation, which has been named PINGLIANG 
SHALE, consists largely of compact, finely arenaceus, siliceous argillu- 
tites of a dark gray color, weathering brown, and splitting into layers a 
_ few millimeters to a centimeter or more in thickness. The graptolites 
are abundant and are generally well preserved, occurring often in relief 
and generally having a deep black color. The thickness of the beds 
cannot be ascertained, and they are disconformably succeeded by beds 
of Carboniferous (Taiyuan) age. The entire series is overturned on 
the north so that the Ordovician beds are on top. Preliminary studies 
of this graptolite fauna have shown it to comprise the following 12 
species: Climacograptus bicornis Hall, Cl. parvus Hall, Didymo- 
graptus sagitticaulis Gurley, D. serratulus Hall, Dicellograptus divari- 
catus (Hall), Nemagraptus exilis (Lapw.), N. gracilis (Hall), 
Dicranograptus cf. furcatus (Hall), D. clingani Carruthers, Diplo- 
graptus (Glyptograptus) angustifolius (Hall), D. (GI.) teretiusculus 
(His.) var. kansuensis Gr. (var. noy.), Orthograptus whitfieldé 
(Hall). These species indicate a late Middle Ordovician horizon, 


* The first of these graptolites was collected by Mr. Yuan June 8rd, 1923, and to 
him, therefore, belongs the credit of discovering the first Ordovician graptolites in 
North China. Shortly after this, the graptolites previously noted, were found by 
Péres Teilhard and Licent in the Ordos, at a locality some distance north of the one 
discovered by Mr. Yuan. 


** Details furnished by Mr. Yuan. 
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i.e., the horizon of the Glenkiln of western Europe and of the 
Normangkill of eastern North America. A remarkable feature of this 
fauna is its typical American character, this being especially shown 
by the abundance of Didymograptus sagitticaulis Gurley, a species 
which appears to be unknown in Europe but is characteristic of the 
Normanskill shales of eastern New York, Canada, Arkansas and 
British Columbia. Our specimens include fragments of the stipes 26 
centimeters long but with a width of 2.9 millimeters at each end. 
The thece, which are inclined at angles of about 30°, are about 3 
millimeters long and overlap for nearly two-thirds their length. They 
are about one-third as wide as long, the outer margin being gently 
concave and the apertural margin straight and forming acute angles 
with the outer margin. There are 7 thece to 10 millimeters. Smaller 
fragments, ranging in width from 1.5 to 1.8 millimeters, with 8 thecse 
in 10 millimeters, and others 1.2 millimeters in width with 9 thecee in 
10 millimeters, appear to represent the more proximal portions of 
these stipes, agreeing with them in all other respects. 

Climacograptus bicornis is abundant and shows the normal 
character of the species with well developed basal spines, which are 
gonorally very broad. CO. parvus Hall shows a virgella 10 millimeters 
or more in length with a proximal portion nearly one millimeter in 
width and the lateral spines very inconspicuous. The sides of the 
thecs are straight or very gently rounded, widest in the middle, while 
‘the apertures are straight or very slightly introverted, the excavations 
occupying three-eighths the width of the polypary, but less than one- 
fourth the ventral margin. The virgula is long and conspicuous, and 
there are 11 thecz in 10 millimeters. 

Glyptograptus terretiusculus (Hisinger) is represented by the 
new variety kansuensis. In stipes 20 millimeters long, the maximum 
width is 2.2 millimeters. while the virgula projects 20 milliméters, 
becoming thickened in its upper part. The virgella is 9 millimeters. 
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long. The basal width of the polypary is .7 millimeters, the sicula is 
1.2 millimeters long and .3 millimeters wide. The first theca hag 
lateral spines, the normal length of the thecse is 2 millimeters, the 
everlap being one-half the length, and the angle of divergence 30°. 
The excavation is horizontal, one-fourth to one-third the width of the 
polypary, the free ventral margin somewhat convex. The apertural 
angle is acute, often slightly mucronate. There are 9 thece in 10 
millimeters, whereas the typical Welsh form has from 14 to 10 in 10 
millimeters, the stipes being slightly broader. The excavations of our 


specimens are also more pronounced. 


‘The other species found in this fauna are in all respects, of 
the types of those found in eastern North America, except Dicrano- 
graptus clingant, which is primarily a European form. It would 
appear that this fauna belongs to the northern basin of the Ordovician 
sea in China and that, like the Actinoceras fauna, of which it was 
practically a contemporary, it entered this basin from the Boreal 
region. This discovery requires a slight south-westward extension of 
the northern basin on the paleogeographic map (Fig. 29, p. 51). 


Graptolites have a two-fold value to the stratigrapher. In 
the first place, because of their floating habit and consequent wide 
distribution, they form excellent and precise horizon markers. But. 
they also serve to indicate the position of the shore line wherever they 
are found entombed in typical graptolite shales. The author and his’ 
former pupil, Dr. M. O’Connell, have called attention in 1917 to the 
fact that the character of the shales and the distribution of the 
graptolites indicated shore conditions rather than a deep water, as had 
been the prevailing opinion (IV, 14). Indeed it was conclusively 
shown that these graptolite shales are to be interpreted as deltas along 
the shores of the ancient sea. More recently Seupin (49) has come 


to essentially the same conclusion, this conclusion haying apparently 
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been reached independently, for he seems not to have been familiar 
with our earlier paper. 
Lower Ordovician Limestone. 

Recent studies in Lunshan, near Nanking (pp. 96-97), by 
Messrs. Sen and Hsii of the South-Eastern University, Nanking, have 
shown that the limestone of that hill is of Lower Ordovician age 
instead of representing the Upper Ordovician, as previously supposed 
on the strength of the fossils listed by Frech. The lowest beds are 
intruded by the granite and are more or less mineralized. They are 
followed by crinoidal and later by cherty limestones and at the top by 


gray limestones which haye furnished a number of fossils that have 


been submitted to me for study. These comprise two characteristic 


species of cephalopods, previously known only from the Lower 
Ordovician of North China, namely Proterocameroceras mathieur 
Grabau of the Peilintze limestone, and Swecoceras attenuatum Grabau 
of the Yehli limestone. As these fossils are found in the highest 
limestone stratum of the hill, we are confronted with the question as 
to whether the species obtained by von Richthofen, and identified by 
Frech with Upper Ordovician types (see ante), were wrongly deter- 
mined or came from another locality. The Proterocameroceras beds 
are apparently disconformably succeeded by beds of early Silurian age 
but the contact may be a fault and the Upper Ordovician, which may 
be present elsewhere in this region, may be cut out in this section. 
According to Mr. Sen the hill is one limb of an anticline, and higher 
beds may still be present elsewhere. The Lunshan limestone must, 
however, be regarded as of Lower Ordovician age. As previously 
noted, some beds of this limestone are rich in Girvanella sinensis and 
this form is probably to be regarded as an index fossil of the Lower 
Ordovician of the southern waters. The cephalopod fauna, however, 
belongs to the northern type and indicates the southern extension of 
the northern faunal province to the Yangtze. 
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In the Ichang gorge of the Yangtze, the Lower Cambrian 
Shipai shales with Redlichia, are disconformably succeeded by the 
ICHANG LIMESTONE 1250 to 1680 meters in thickness (Lee 37). This, 
with the Lower Sinian limestone, was classed as Kisingling limestone 
by Willis and Blackwelder and considered of Cambro-Ordovician age. 
The lowest beds of the Ichang limestone have furnished Girvanella 
chinensis and Archxocyathids apparently of types also found in the 
limestone above the Redlichia beds in Australia, These Arthseocya- 
thids probably belong to the southern type of the older Ordovician 
fauna and mark the invasion, at the opening of the Lower Ordovician, 
of the Indo-Australian fauna through the Bengal Straits, which were 
still open, and through which likewise passed the graptolites previously 
noted. 

In Australia the Archmocyathid limestone rests probably 
with a disconformity on Lower Cambrian beds with Redlichia* and 
may also represent Lower Ordovician rather than Cambrian as has 
genorally been held. 

The higher beds of the Ichang limestone have furnished 
Callograptus cf. saltert Hall, a species characteristic of the lower 
Deepkill of eastern North America, and of the lower Arenig of Great 
Britain. The question whether or not a part of this thick limestone 
series is to be regarded as late Cambrian, must for the present remain 
undecided, but the occurrence, near the base, of Girvanella sinensis, a 
form widespread in the Ordovician of southern China, argues for a 
Lower Ordovician age. If the Australian Archseocyathid limestones 
are Cambrian, these beds may also represent that horizon. - 

Beds apparently of the same age have been found by Mr. T. 
C, Wang of the Survey, at Héng-lu-pu, north of Wu-Ning city, north- 
west Kiangsi. These constitute the Wushimén limestone, 450 meters 


* See the section by Walter Howchin reproduced in Haug, Traité, p. 608. 
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in thickness, which may be in part of Cambrian age. The upper, 
thin-bedded argillaceous limestones have furnished Dendrograptus cf. 
persculptus Hopk., an Arenig form of Great Britain. 


Tigher Ordovician. 


‘The Ichang limestone of the Yangtze Gorge is disconformably 
succeeded by the Nurcuia sHALES with the characteristic fauna pre- 
viously described (p.93 et seq.). This shale is followed conformably 
by the PaGoDA LimEsTONE which abounds in Orthoceras chinensis (Fig. 
64, p.93) and furnishes the well-known ornamental ‘‘Pagoda stone’’ 
of the Yangtze region. The Neichia and overlying Pagoda beds have a 
combined thickness of about 80 meters (Lee). They are disconform- 
ably followed by the Lungma graptolite shales of Lower Silurian age. 


SILURIAN SYSTEM. 


Fossiliferous strata of Lower Silurian age are found to be 
wide-spread in central China. The fauna entered the Chinese basin 
through the Himalayan geosyncline, passing north along the west 
Yunnan-Szechuan geosyncline and spread in the Tsingling geosyncline 
as far east as the Nanking hills region of today, It was represented 
partly by a trilobite and brachiopod facies, partly by a pelecypod 
facies and, in certain sections where deltas of mud were forming near 
the shore, it is represented in the sraptolite facies. In eastern 
Yunnan we find only the overlapping beds of the Silurian resting 
upon the older rocks, in most places only the higher members being 
present. A correction is necessary here to the statement made on 
page 126 in the description of the Mientien group, the highest member 
of the Lower Silurian in eastern Yunnan. This is characterized by 
Lingulella cuneatiformis Grabau and Modiolopsis crypta Grabau, as 
well as ostracods, but not by Spirifer bourgeoist Mans. and Leperditia 
as there stated, these belonging to the succeeding Miaokao group of 
Upper Silurian age. Older beds than the Mientien group are also 
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found in eastern Yunnan, these carrying Favosites, Syringopora, ete. 
. At Si-Yang-Tan, east Yunnan (p. 127), the Spirifer bowrgeoisi beds, 
formerly referred by Mansuy and Deprat to the Ordovician, belong to 
the Upper Silurian (Miaokao group) or Monroan, not to the 
Niagaran. 

The lowest Silurian beds so far discovered in China, are 
found at Lunshan, one of the Nanking hills, where they rest discon- 
formably upon the Lower Ordovician Lunshan limestone. They have 
; been named the K AocHIAPIEN SHALES 
(Liu) and consist of yellow argil- 
laceous shales in the lower part, 
carrying trilobites, among which 
Chetrurus lunshanensis Grabau (Fig. 


S295), Callymmene sp., Proetus sp., 


Fig. 295. 
Cheirurus lunshanensis Gr. Pygidiumx and Phacops ef. chinensis Reed have 
Bees esonnisnien Shales Duna al: been identified. The latter is a form 


which was first found in the upper Namhsin or Konghsa marls of 
Burma, a horizon much higher than the trilobite beds of Lunshan. 
The Lunshan Phacops, provisionally referred to the Burma species, 
may prove to be distinct when further material is available. With 
these trilobites occurs a very finely annulated Orthoceras with three or 
four annulations in one millimeter (0. hsui Grabau). 

These trilobite beds lie only a few meters above the contact 
with the Lower Ordovician Lunshan limestone, though this contact, 
as before noted, may possibly be a faulted one. Higher up, in the 
shale series, graptolite beds were discovered by Professor K. Weiman 
Hsu of South-Western National University, who also found the 
trilobites in the lower beds. These graptolite beds may be the same 
as those previously recorded from this locality by Frech (pp. 129 to 
180). From them the following species have been obtained, only a 
few of which, it will be noticed on comparison, had previously been 
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recorded by Frech: Olimacograptus scalaris (His.) var. novmalis 
Lapw., C. térnquisti Elles & Wood, CO. medius Tornquist, Glyptograp- 
tus incertus BH, & W., Monograptus incommodus Tornquist. 

These graptolites indicate the lower Birkhill (Lower Llando- 
very) horizon of Great Britain. The zone is probably to be correlated 
with the graptolite beds of the 
Pangshapye stage of Burma (seo 
ante, pp. 118-119). 

What is probably a slightly 
higher horizon is represented by the 
LUNGMA GRAPTOLITE SHALE of the 
Ichang gorge on the Yangtze (Lee 
87), a horizon included in the Sintan 
shale by Willis and Blackwelder. 
The series consists of black shales 
with the graptolites in a good state 
of preservation. Preliminary identi- 
fication has given the following list: 
Petalograptus palmeus (Barr.) (Fig. 
296 c, d), Monograptus sedgewicki 


(Portlock), M. regularis Tornquist, 


Fig. 296. 


M. clingant (Carruthers), Glypto- 

" E Silurian Graptolites, Lungma shale. a,- 

graptus incertus, Diplograptus (Ce- », Cephalograptus cometa (Geinitz); 4, 

re _ _ typical specimen x 3; }, distal fragment 

phalograptus) cometa (Geinitz) (Fig. showing virgula x 3; c,-d, Petalograptus 

__ palmeus (Barr); c, complete specimen 

296 a,b). The age of these beds is reverse aspect x 3; d, sicula and early 

; : } thece much enlarged. (After Elles & 
still to be considered as Lower Wood). 


Silurian, though they may represent early Upper Llandovery of Great 
Britain. They apparently represent the Monograptus sedgewicki zone 
(Zone 7, p. 115) and the Cephalograptus cometa zone (Zone 6, p. 
115). Only one species, Glyptograptus incertus appears to be common 
to this horizon and the graptolite shales of Lunshan, and the Lungma 
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beds must’ be regarded as representing a higher horizon than the 
shales of Lunshan. 

In south-eastern Hupeh (Pl. V 
sect. II) Messrs, C.C. Liu and G.Y. 
Hsieh found Silurian beds resting 
disconformably upon the late Ordo- 
vician limestene (Tafan limestone} 
with Orthoceras chinensis in the 
upper part, and representing the 
Pagoda limestone beds of the Yang- 
tze gorges. The Silurian beds were 
named by them the Fuca (Fv- 
CHIBKOU) spRIES, which consists of 
three parts. Tho lower comprises 
mainly gray-yellow, thin-bedded 
shales, the middle an alternation 
of yellow shale and gray sandstone, 
while the upper part consists main- 
ly of sandstone which is sometime 


quartzitic and conglomeritic The 


lower and middle parts have an 
aggregate thickness of 800 to 1000 


Fig. 297. 
Encrinurus (Coronocephalus) rex Gr. Res- : 
tored from cranidia, free cheeks and Meters, while the upper sandstone 
pygidia - thorax unknown - X 2. Fuchih 
shale. 


is only from 50 to 100 meters 
thick. In the Yang-Sing district 
the lower yellow and green shales contain a fairly rich fauna among 
which Encrinurus (Coronocephalus) rex Grabau is the dominant form 
(Fig. 297). With it occurs Proetus latilimbata Grabau, Spirifer 
hsiehi Grabau (the same form identified by Kayser as Spirifer 
elevatus Dalm. from the Chaotien limestone of the Tsingling region 
{p. 182)) and some other brachiopods. The upper sandstone is 
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unfogsiliferous and may be the westward extension of the Wutung 
quartzite of the Nanking hills, Kiangsu. This sandstone is discon- 
formably succeeded by the lower Yangsing limestone of Lower Car- 
boniferous (Dinantian) age. 

Yellow shales and sandy beds with Proetus latilimbata 
Grabau, and apparently representing the same Silurian horizon, have 
also been found by Mr. Hsieh in north-west Hupeh. 

Egsentially the same series of Silurian strata has been 
discovered by Mr. T. C. Wang of the Survey in north-western Kiangsi 
(sect. IIL) but they appear to have a much greater thickness there, 
resting disconformably upon the Wushihmén limestone which contains 
Dendrograptus cf, persculptus Hopkins and is apparently of Lower 
Ordovician age. Mr. Wang has found a great series of yellow-red 
and green shales with intercalated thin beds of sandstone to which 
he has giyen the name of YAISHAN FORMATION, and which has a 
thickness of about 2500 meters. About 300 meters below the top he 
has discovered a rich fauna, Which is again characterized by Encrt- 
nurus (Coronocephalus) rex Grabau, and is apparently the equivalent 
of the lower shales of the Fuchih series of south-western Hupeh. 
With this trilobite occur Spirifer hsiehi, Lepteena distorta, and other 
fossils (Locality 1118). A somewhat lower horizon (Locality 1117) 
is rich in pelecypods, among which the following forms may be 
especially noted: Orthonota antelonga Grabau (sp. nov.) allied to O. 
perlata Barr. of Etage E but with proportionally longer anterior, 
and more regularly rounded posterior end; Modiomorpha wuwningense 
Gr. (sp. noy.), and Aviculopecten cybele Barr. var. acuta Gr. (var. 
noy.) differing from the Bohemian (Etage E) form in the more 
acutely projecting wing. . 

The fauna, as a whole, suggests a rather early Silurian 
horizon and it must at present remain a matter of doubt whether the 


entire series of the Yaishan formation belongs to this horizon or 
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whether a part of the lower series is of Ordovician age. The fact that 
these fossils occur in the upper part of the formation, whereas in 
south-west Hupeh they occur in the lower part of the series, which 
there rests diseconformably on the Upper Ordovician, might suggest 
that a part of this shale is of Lato Ordovician age. On the other 
hand, it is not improbable that the charaeteristic trilobite, Coronoce- 
phalus rex, ranges through a very extensive series of strata and that 
therefore the entire formation is to be regarded as of Silurian age. It 
is disconformably succeeded by the Tsoshan limestone, which is in 
part of Lower Carboniferous age and appears to be the precise equival- 
ent of the Yangsing of Hupeh. 


THe WorunG QUARTZITS. 


In the consideration of the mid-Palozoic history of eastern 
China, the Wutung quartzite (previously called Wutungshan quartzite) 
becomes a feature of stratigraphic significance. Originally it was. 
referred by von Richthofen to the Devonian, but on page 250 of this 
work, the suggestion was made that its age is more probably early 
Dinantian. A recent expedition to Ch’i-Hsia-Shan, near Nanking by 
a Survey party* gave an opportunity for closer study of this quartzite, 
as well as the overlying Chihsia limestone. There can be little doubt 
that the Wutung quartzite underlies the Chihsia limestone discon- 
formably for, though the contact was not actually seen, the formations 
were traced within a few feet of each other, and it was found that 
there is absolutely no intercalation of beds, but that the quarizite is 
abruptly succeeded by the limestone. This of course indicates a 
pronounced change in sedimentation from continental to marine con- 
ditions, and probably at least a partial consolidation of the quartzite 
before the Viséen sea transgressed over it. Otherwise, there would 


* The party included Dr. W. H. Wong, Director of the Survey, Mr. C.C. Liu, the 
Survey’s representative in Kiangsu province, Mr. Y. M. Hsii, provincial geologist of 
Kiangsu and the author. 
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certainly be a moderate amount of reworking and the inclusion of sand 
‘grains in the lower part of the limestone. The latter begins with beds 
formed almost completely of calcareous alge (Girvanella?) . - 

From these facts it may be concluded, that the ago of the 
quartzite is considerably greater than Lower Carboniferous. T do not 
believe that it should be referred to the Devonian for we have no 
evidence of Devonian sedimentation until we come to the western part 
of the Tsingling geosyncline and the south-western region of China in 
‘general, where marine Devonian beds are found. It is most likely 
that east-central China was a region of erosion in Devonian time, as 
was north China. If this inference is correct, the quartzite must be 
referred to the Silurian, and here the evidence from other regions is 
not conflicting, As we have seen, tho Silurian Fuchih series of 
Hupeh has a thickness of 1000 meters and passos into sandy beds in 
its upper part. The Silurian shales underlying the Wutung quartzite 
in the Nanking hills region, are comparatively thin, probably not over 
a few hundred meters in thickness, and hence it is not at all improb- 
able that this quartzite may represent the later sedimentation, in this 
region during Silurian time (probably Lower Silurian or Niagaran) 
while marine sedimentation was still continuing in the region further 
west (Hupeh and Kiangsi). 

The quartzite is a purely continental formation and its 
induration is entirely due to secondary deposit of silica, while in some 
sections, notably in Chi-Hsia-Shan, it has still much the character of a 
sandstone, being extensively quarried there for mill-stones, as well as 
building purposes. Many small grottoes have been hollowed out in it 
in the vicinity of the temple and are now occupied by statuary. In 
this section the quartzite is not infrequently a pebble rock with pebbles 
of pure quartz up to the size of a bean or even larger. The grains are 
for the most part of irregular size and the cross-bedding is of the 


torrential type. Near the temple, where the quartzite beds are 
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yertical, determinations have shown that the original inclination of 
the diagonal layers was southward, approximately south 20° east, and 
their angle of inclination from 20 to 25°. This would indicate that 
the supplying streams came in general from the north, which is quite 
con istent with the paleogeographic conditions that had obtained in 
this region. As we have seen, mud deltas with stranded. graptolites 
were formed in this region in carly Silurian time, this indicating that 
jt was a near-shore area. These mud deltas were apparently replaced 
by the sand deltas and river-flood plain deposits, which advanced over 
them, pushing the sea shore gradually westward and southward, the 
streams depositing these deltas coming from the north, the east and 
possibly from the south-east as well. It is quite within the range of 
possibility that the higher sands of the Hupeh Silurian section are the 
direct continuation of the higher part of the Wutung quartzite, the 
continental and marine beds having the relationship of replacing 
overlap with westward advancing continental deposits. If this is the 
relationship, the Silurian shales and quartzite beds of the Nanking 
region, if found in contact, should show a certain amount of interbed- 
ding, the one with the other, and a more or less gradual change to 
the continental conditions, Such interstratification has actually been 
noted in some regions by Mr. Liu. The Wutung quartzite has been 
recognized again in southern Anhui, where it is followed by the 
Chihsia. . | 
DEVONIAN System, 

According to Yabe (65) the oft-quoted finding by Gottsche 
of a specimen of Spirifer verneuili in the province of Ise, Japan, 
referred to on page 170, is erroneous. These specimens came from 
China and consequently up to the present, no marine Devonian is 
known in Japan. This may further imply that the opening of the 
Mongolian geosyncline to the Pacific ogean in the paleogeographic 
maps (Fig. 109, p. 168 and Fig. 114, p. 171) did not exist, 
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DINANTIAN System. 


Yanatzp VALLEY. The recent study of the Chi-Hsia-Shan 
section, which is taken as the type section of the central Chinese 
Viséen deposits, has shown that in this hill no higher formations are 
present. The hill has a double character due to the fact that the 
entire series is repeated by faulting. The structure shown in the 
section Fig. 171 on page 249 is erroneous, the depression at 5 being” 
due to the fault line. Beginning on the south we havo the Wutung 
quartzite dipping gently to the north at first, and exhibited in its 


Fig. 298. Fusulinella gigas Mans., top and end views X 4. (After Mansuy);~ 
a common Foraminiferan of the Chihsia limestone. 
entire thickness in numerous quarry openings. Approaching the 
temple in the depression between the two parts of the hill, we find 
the dip to become steeper and the quartzite is succeeded by the steeply 
dipping Chihsia limestone, of which some 20 to 80 meters are 
exposed. The lower beds are compact limestones, frequently a calci- 
lutyte, and sometimes largely formed of calcareous alge (Girvanel- 
la?). The succeeding beds are coarser-grained and abound in corals 
among which Syringopora, Mistulipora, and Michelinia predominate 
(seo p. 250 et seq.). Ampleaus spinosus var. sinensis Grabau and 
Lonsdaleia sinensis Girty are other characteristic corals. Finally an 


abundant and very characteristic fossil is Fusulinella gigas Mans., a 
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species previously described by Mansuy from Yunnan. This is often 
weathered out upon the surface and reaches a diameter of 11 mm. 
(Fig. 298). The limestone is terminated by a fault, which is 
apparently a strike fault, and along which the valley between the 
hills is cut. Behind the temple, the quartzite appears again in its 
characteristic facies, showing cross-bedding. This portion is exten- 
Sively hollowed out into small grottoes and shrines. The hill beyond 
this is again formed of the quartzite, which is often conglomeritic 
(No. 3 of section, p. 249). On the southern slope of the second hill, 
the limestone is again seen overlying the quartzite and carrying the 
same fauna. As before, it begins with beds rich in calcareous alge 
followed by coarser-grained limestone with the characteristic corals 
before-mentioned, and abounding in Pusulinella gigas. A second fault 
again brings the quartzite to the surface, thus forming the remainder 
of the hill. 


The Chihsia limestone has been found by Mr. Sun in gouth- 
eastern Anhui, in Hochou Hsien at Ki-Lung-Shan (loc. 721). Here 
it is of a cherty character and contains the characteristic corals as 


well as Fusulinella gigas. 


In southern Anhui Messrs. Yih and Li found the Chihsia 
(Yebshan) limestone and Wutung (Tongkwan) formation in Ching- 
hsien, vicinity of Kufengchieon. The Wutung is a quartzite about 100 
meters thick while the Chihsia is a cherty limestone ranging from 0 to 
a little over 200 meters in thickness. Fossils have been found near 
the middle, these including (loc. 722), among other typical Chihsia 
fossils, the coral Michelinia favositoides Girty, a species originally 
described from the base of the Gorge limestone (Wushan) of the 
Yangtze. 


The limestone frequently thins away, being overlapped by 
the coal series or highor Permian bed. Tho Chihsia limestone is 
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disconformably succeeded by limestones of Permian age (see beyond), 
which in turn are followed by the coal series. 

It is still a matter of doubt whether the Sintan shale of the 
Yangtze gorges includes beds of Lower Carboniferous age. The 
probabilities are that this shale, together with the Lungma shale 
beneath it, represents the Silurian, which in other parts of Hupeh 
province has been found to have a thickness of 1000 meters. The 
combined thickness of the Sintan shale and Lungma shale of the 
Ichang gorge is about 600 meters. Following this disconformably 
with locally, however, a slight difference in dip, is the great Wushan 
limestone of Willis and Blackwelder, the lower part of which 
includes Lower Carboniferous beds, though the higher part is of 
Permian age. From basal members of the Wushan limestone a 
number of corals have been obtained by Professor Lee and students. 
These include Lonsdaleia chinensis Girty, Pseudolonsdaleia leet 
Grabau, Zaphrentis sp. and Michelinia favositoides Girty. It is 
probably from this horizon that the corals described by Frech were 
obtained by von Richthofen (see ante p. 251). 

Throughout east-central China, the Chihsia limestone lies 
directly and disconformably upon beds of Lower Silurian (Niagaran) 
age. Generally, in the more easterly occurrences, these Silurian beds 
terminate with a quartzite of which the Wutung quartzite of the 
Nanking region is believed to be the most extensive development, this 
gradually thinning away westward and southward from the region of 
the Nanking Hills. 

The Chihsia limestone with its typical fauna of Viséen corals, . 
etc. is now known from a number of localities in eastern central 


China. These may be briefly summarized. 


Province Locality and Number Local Name 


Kiangsu Nanking Hills (602-605) Chihsia L. 
(615-619) . 
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Anhui Hochou (721) Chilhsia L. 

fe Tung-Ling-Bsien (Yeh Shan)  Yehshan I. 

(702) 

; Chinghsien (716) Chihsia L, 

“; Tso-shan, Su-Sung-Hsien Tsoshan lL. (Lower) 
Kiangsi Te-Hua-Hsien (1120) ~  Tsoshan L. (Lower) 

"5 Jui-Chian-Hsien (1121) 7 4 4 

i; Hsui-Shui-Hsien (1122) 5 +3 rr 
Hupeh Yang-Sing- Hsien Yangsing (in part) 
Hupeh Ichang Gorge of Yangtze Wushan (lowest part) 


We may summarize the characteristic fossils of this limestone 
so far as known. (Those preceded by an asterisk (*) have so far 
been obtained only from the base of the Wushan limestone). 


Atem: Girvanella nankingense Grabau 
ForAMINIFERA: Fusulinella gigas Mansuy 


Corats: Syringopora ramulosa Gold. 
S. gentculata Phill. 
Fistulipora minor McCoy’ 
F. waageniana Girty 
Michelinia favositoides Girty 
M. favosa Goldf. var. 
Amplexus spinosus var. sinensis Grabau 
Siphonodendron sp. 
Lonsdaleia chinensis Girty 
* Pseudolonsdaleta leet Grabau 
Zaphrentis delanoui FE. & H. 
Z. guerangert E. & H. 
Bryozoa: * Geinitzella chinensis Girty 
BRACHIOPODA: 
) * Spirifer blackwelderi Girty 
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There are some other brachiopod shells which have not yet 
been determined, but on the whole, the fauna presents a coral facies 
with Girvanella beds in the basal portion. 

Norru- West Co1na—Kansv. The Chihsia may be ee 
as the coral facies of the Chinese Viséen. There is, however, another 
facies characterized chiefly by brachiopods, which is well developed in 
western China, especially in Yunnan and Kweichou (Weining forma- 
tion) and in Kansu. Its occurrence in the latter province, especially 
on the Bardoun river and at Santachien, has already been referred to 
(p. 252). More recently, Mr. Phillip Yuan of the Survey,* has 
made an extensive study of the Carboniferous formations of Kansu and 
has brought back large collections of fossils from the Dinantian, as 
well as higher horizons. These have not yet been studied in detail 
and only a partial list can be given, this, however, showing that the 
Viséen is represented in the typical brachiopod facies. The Viséen is 
here called the Cuontukou FoRMATION from the locality where it is 
best developed 70 li (18 miles) W. by S. from Wu Wai (Liang- 
Chow-Fu) (Long. 102° 44’ E., Lat. 37° 41’ N.). It is preceded by a 
continental formation with plant remains, which rests unconformably 
upon the pre-Cambrian Nanshan series. These continental sands and 
shales have a thickness at Cho-Niu-Kou, Wu-Wai-Hsien, of 67 
meters. They and the higher beds have been folded and now strike 
N. 60° E., dipping 50° to 60° to the north-west. The Choniukou 
marine formation has a thickness of 68 meters and consists of lime- 
stones and shales, all of them abounding in marine fossils. Brachio- 
pods predominate but corals occur at certain horizons, the most 
common being species of Lithostrotion and Zaphrentoid forms. Pro- 
ductus giganteus is well represented at several horizons by large and 


characteristic shells, these probably including one or more varieties. 


Y The details for the summary of these beds here given were kindly furnished by 
M . Yuan, 
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The fauna on the whole is of European facies and indicates close 
intercommunication between western Europe and north-western China 
at this period. Among the species so far determined the following 
‘may be mentioned:  Lithostrotion portlocki (Bronn), Productus gigan- 
‘teus Martin, P. giganteus var. edelburgensis Phill, P. tenwistriatus 
Vern., P. punctatus Mart., P. elegans McCoy, P. semireticulatus Mart., 
P. undatus Defr., Spirifer striatus Mart., S. cf. pankouensis Gr., 
“Schizophoria resupinata Mart., Rhipidomella michelini \Ey., Leptena 
‘analoga Phill., Athyris royssi Ey , and Phillipsia kansuensis Loezy. 

The Viséen beds of the Choniukou section are followed with 
apparent conformity by 5 meters of sandstone carrying only plant 
‘remains and indicating a change to continental conditions. These 
beds are in turn succeeded by 15.5 meters of fossiliferous shales and 
‘limestones carrying the Taiyuan fauna and they in turn are followed 
‘disconformably by beds of lower Permian age. As we proceed in a 
westerly direction from Cho-Niu-Kou, the Viséen gradually disappears 
‘and is finally overlapped by the Taiyuan series, as will be more fully 
‘shown in tho next section. 

Sourn-Wesr Cotna--Yunnan. In the Salween and Mekong 
‘valleys of western Yunnan (Coggin Brown 8) the Dinantian lime- 
stones and calcareous shales are always found in close association with 
the older metamorphosed Paleeozoic limestones, which they uncon- 
formably overlie. At Fang-ma-ch’ang (99° E., 25, 5’ N.) these 
‘beds contain an abundance of Bryozoa, viz: HHemitrypa sinensis Reed 
(sp. nov.) , Polypora cf. fastuosa do on} and eedinsidinganige sp. which 
Reed (45): refers to the Dinantian. ; 

At Ta-shih-wo, 17 miles east of the Salween (Long. 99° 12’ 
E., Lat. 25° 5’ N.) the Viséen is very fossiliferous. The series 
consists of a higher coarse-textured limestone 200 feet thick and a 
lower finer grained ono 60 feet thick, the two being separated by 
shales and limestone bands about 40 feet thick. -The lower limestone — 
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contains caves, being massive, slightly bituminous and fossiliferous. 
This is the horizon from which Loczy obtained Productus yunnanensis 


Loczy (Fig. 168, p. 245), P. elegans McCoy, Zaphrentis beyrichi — 


Rothpl,, etc., referred to above (p. 247) as of Viséen age. Coggin 
Brown obtained a more extensive collection from these rocks, which 
were identified by Reed (45) who lists the following species: Fora- 
MINIFERA: Nodosaria sp., Reniera sp.: ANnrHozoa: Syringopora 
intermiata Reed (sp. noy.), Amplexus sp., Campophyllum cf. canin- 


oides Sibly, Caninia aff. nikitini Stuck., C. aff. lonsdalei Keys., Cya-. 


eaihoniuliim fraternum Reed (sp. nov.), (. sororium Reed (sp. nov.), 
© Fischerina insolita Reed (sp. noy.), F. solitaria Reed (sp. nov.), 
2 * Rhodophy yllum eluswm Reed (sp. noy.), Histiophyllum occultwm Reed 
= (sp. nov ), Cyclophyllum sp.; Bryozoa: Fenestella aff. laxa Phill., 
c -Glauconome aff. bipinnata Phill., Rhombopora cf. bigemmis Keys. ; 
~Bracutoropa: Orthis (Rhipidomella) michelini Ley., O. (Schizo- 
Eroria) aff. resupinata Mart,, Schellwienella crenistria (Phill.), 
6 Lepteena analoga Phill., Productus ywnnanensis Loczy, P. yunnanensis 
var., P. cora d’Orb. var., P. longispinus Sow., P. muricatus Phill. 
var, nov. paucispinosa Reed, P. (Pustula) impersonatus Reed (sp. 
nov.), Chonetes cf. crassistria McCoy, C. papilionacea (Phill.), 
Spirifer bisulcatus (Sow.) var. trigonalis Mart., S. bisulcatus var. 
kleint Fischer, S. duplicicosta Phill. var., S. tornacensis de Kon., S. 
aff. calcaratus McCoy, Spiriferina cristata Schloth. 2; Trimoprra: 
Phillipsia spinifera Reed (sp. nov ). Reed refers this fauna to the 
Lower Carboniferous, i.e. Dinantian. 

The presence in this list of Spirifer tornacensis would suggest 
Tournaisian, but the bulk of the evidence points to a Viséen age of 
these strata. About 20 miles further north-east, near the Lolo village 
of Sow-wa-shu (approx, Lat. 25° 20’ N., Long. 99° 10’ E.) beds of 
bluish banded limestone, striking 10° north-west, and with a vertical 


dip, have furnished a small fauna of corals (Zaphrentis, Bothrophyl- 


fn 
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lum, Campophyllum and Syringopora of undeterminable species) ; 
crinoid stems, mollusea and brachiopods. The latter include Schelle 
_ wienella crenistria (Phill.), Schizophoria cf. resupinata (Mart.), and 
Productus yuinnanensis Loczy (?) on the strength of which these beds 
are referred by Cowper Reed to the Dinantian. 

So far as we are now able to judge, the horizons represented 
in western Yunnan between the Salween and the Makon, are the 
Dinantian and the Middle Permian (see beyond). The former rests 
unconformably upon the older limestones (Ordovician, etc.) and is 
followed disconformably by the Middle Permian. In this region there 
seems to be no representation of the Taiyuan series, though this may 
occur, Middle and Upper Carboniferous, however, seem to be entirely 
wanting. 

In the area enclosed by the great elbow of the Yangtze, N.E, 
of Talifu lake and west of the southernmost point of the Yunnan: 
Szechuan border, the Dinantian rocks are found in contact with the 
Permian Red Beds. These Dinantian beds rest apparently upon 
Deyonian which is exposed 44 miles from Chin-Chiang-Kai (approx. ° 
Long. 100° 35’ E., Lat. 26° 10’ N.) (Reed 45, p. 315). The’ 
Dinantian beds are exposed in the vicinity of Ta-lu village (Jey) 
(Long. 100° 52’ E., Lat. 26° 85’ N.) which lies on a horizon 
apparently low down in the Red Bed Series. Tho Dinantian rocks 
consist of alternations of soft light-colored shales and sandstones with ° 
bands of Coarse, friable, yellow sandstones, and a hard white sandstone 
which forms cliffs. Some thin beds of white marly limestone also 
occur, The fossils obtained from beds of this series comprise, according 
to Reed (45 p. 317): ANnritozoA: Syringopora mekongensis Reed 
(sp. nov.); Bracuioropa: Reticularia indica Waag. var. noy. yun: 
nanensis Reed; Osrracopa: Leperditia viator Reed (sp. nov.), L. 
oként Munst. var. intumescens Reed (var. nov.), L. subaqualis tscléah 
(sp. noy.), Z. sp., Bairdia cf. mucronata Reuss, , 
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These beds are succeeded by the Permian Red Bed series, 
which in this region begins witha coarse basal conglomerate. In the 
Talu region the conglomerate contains almost nothing but pebbles of 
limestone of the Dinantian or Permo-Carboniferous horizons. The 


pebbles are large and appear not to have traveled far. 


Tn the region around Yunnanfu, Dinantian strata rest upon, 
or aro faulted against, Cambrian or older formations. About 25 miles 
east of Yunnanfu, Dinantian beds are found in the mountain ranges 
which run north from the neighborhood or Yang-Tsung Lake (Coggin 
Brown 7, p. 103). These beds are exposed in the lower part of 
precipitous escarpments, the upper portion of which is formed by beds 
of Permian age. Brown originally referred these lower beds to the 
Middle Carboniferous, but from the study of the fossils collected by 
Brown, Reed (45, p. 317) has determined them to be of Lower 
Carboniferous age. Brown gives the following succession at Si-yang, 
the northernmost point at which coal is worked in these beds, in 


descending order: 


h, Hard, grayish limestone 

g.  Bluish dolomitic limestone 

f. Grayish, sandy shale with coal seams 
e. Yellowish dolomitic limestone 

d. Greenish shale 

c. Thin limestone bands 

b. Red shales 


a. lLimestones. 


Irom Si-yang (Long. 108° 9’ E., Lat. 25° 6” N.) the 
follawing species have been identified by Reed (45) from these beds. 
Anruoz0a: Michelinia siyangensis Reed (sp. nov.) ; PrircypoDA: 
Dysodonta deprati Mans., Parallelodon ef, obtusus (Phill.), Ldmondia 
aff. goldfussi de Kon, 
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There aro tyvo coal seams in this series the upper of which is 
five feet and the lower between seven and eight feet thick. 

These beds are again well developed in a synclinal fold 
bounded on the east by the fault which forms the western shores of 
Lake Yangtsung. Near the abandoned coal mine of Hoshuitang 
(Long. 103° E., Lat. 24° 57’ W.) the following succession was 
determined by Brown (7, p. 106) in decending order: i" 

i. Limestone with corals 

h. Bluish white shales 

g. White calcareous sandstone Thin 
White sandstone 


Hard porcellaneous limestone 


| 
| 
f. Coal seam 
J 


e 
g 100 ft 

ce. Dolomitic limestone : dU Dae 
b 


Decomposed andesitic lava flow 50 ft. approx. 

a. Red sandstono Base not seen 

The following species haye been recorded, mostly from bed 
(i) hy Reed (45, p. 817): Foraminivera: Textularia sp , Bige- 
nerina sp., Trochammina sp.; ANrHozoaA: Chetetes subradians Mans.? 
(hor. c. Gd ) Rhodophyllum? sp., Histiophyllum? sp., Clisiophyllum sp. 

According to Deprat, the coral limestone (i) is overlain by a 
further 600 feet of limestones which contain a rich gastropod fauna, 
these being apparently the Loatien and Choueitang limestones of 
Deprat and Mansuy (see pp. 248 and 292). Fusulinella gigas 
Mans. (Fig. 298), characteristic of the Chihsia limestone, abounds in 
the Choueitang limestone. Above these the gray limestones of the 
lower Uralian of Deprat are found. 

The beds designated by Deprat as Uralian may be of that 
age or they may represent an invasion of the southern sea in early 
Permian time, while the European waters invaded north China, and 


the Shansi series was formed (see beyond under Permian), 
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So far then as our present knowledge permits us to judge, 
the Dinantian is well represented in the Yunnanfu region by beds of 
Viséen age, older Dinantian being doubtfully represented if not absent. 
These Viséen beds appear to be conformably followed by beds of the 
age of the: Taiyuan series (see below), and above these occur some 
local limestones which either represent the Taiyuan, or are of early’ 
Moscovian age. Typical Moscovian is not known, and the doubtful 
beds are succeeded disconformably by beds probably of Lower Permian 
age (see below) . 

Moneortan Grosyncrine. rom the Gasimursk range in 
eastern Transbaikalia a small Lower Carboniferous (Viséen) fauna 
has been listed by Fredericks (17, pp. 22-23). This includes: 
Productus semireticulatus Mart., and var. gasimurensis Freder., P. efr. 
burlingtonensis Hall., P. brachithewrus Sow., P. granulosus Phill., P. 
cfr. rugatus Phill., Marginifera cfr. schartymiensis Yan., Chonetes cf. 
hardrensis Phill., C. cf. variolaris Keys., Camarophoria, typa 
isorhyncha McCoy, Spiriferella? tschernyschewiana Freder., 8.2 kulindz 
Freder. and Reticularia gasimurensis Freder. These deposits mark 
approximately the northern border of the Mongolian geosyncline, the 
southern border of which is shown by tho location of Sair Usu. (See 
map, pl. I). 


Palxogeography of China in Dinantian Time. 


(See Map Plate I.) 


If we now attempt to reconstruct the paleogeography of 
China in Viséen time, we recognize by comparison of tho various: 
sections that the deposits were chiefly restricted to a series of geosyn- 
clines, with the exception of south-western China, whore the region in 
and about Yunnan province represented apparently a more extensive 
hasin. This, however, was probably closed on the south, extending 


part-way into Indo-China, but it opened on tho west through the 
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Himalayan geosyncline, and on the north was continued in the 
Nanshan geosyncline of Kansu, where the sections described above 
are located. Northern China was entirely unaffected by the Viséen 
transgression, but this extended along the Tsingling geosyncline, in 
the region? of the present Yangtze valley, east for some distance 
beyond the Nanking region where it apparently ended without com- 
municating with the Pacific of that time. It is clear from the sections 
that the southern line of this geosyncline lay to the north-west of 
Hangchow, in Chekiang province, where the Viséen is entirely wanting 
_(see Pl. VI, col. Q). Again it is absent in the Chou-Tang section of 
Kuei-Chih-Hsien in Anhui (Loc. 712), about 125 miles west of the 
Hangchow region. Here the Loping horizon of Middle Permian lies 
directly upon the Wutung quartzite of Silurian age. The southern 
border is again seen to lie north of Loping in Kiangsi, where the 
Dinantian beds are likewise wanting. North-west of this, however, 
in the sections of northern Kiangsi and Hupoh, the Viséen is represent- 
ed by the Chihsia limestone and these regions are therefore included 
within the geosyncline of this period (see columns B. C, and D., pl. 
VI). The line is drawn between Leipakou and Huang-tu-pu, Honan, 
the latter having furnished Viséen fossils according to Yabe and 
Hayasaka (Spirifer bisulcatus, Athyris royssi, Rhynchonella pleurodon), 
while this horizon seems to be wanting at Leipakou. It is probably 
because of the long and narrow character of this geosyncline, and the 
fact that it was closed on the north-eastern end, that the fauna of the 
Chihsia limestone is distinctive and that many forms found in the 
Viséon of the more westerly region are absent. Like the Red Sea of 
today, which has its peculiar fauna related to, though in many 
respects distinctive from that of the Indian Ocean, so the fauna of this 
Chihsia sea, as we may call the water-body which occupied the 
Tsingling geosyncline, differed from the more normal faunal type of 
the Viséen which occupied the Yunnan region and extended through 
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the Nanshan geosyncline to the more open waters of central Asia. 
These in turn extended into the Mongolian geosyncline where typical 
Viséen deposits occur at Sair-Usu (Lat. 40° 45’ N., Long. 107° 30’ 
E,) and Gasimursk (Lat. 51° 10’ N., Long. 117° 6” E.) 


Tue TatyuAn Series, 


(Plate II.) 


NortH Cuina. So far as the evidence now available permits 
us to judge, the Taiyuan series, which is classed as the last. of the 
Dinantian divisions of China, is chiefly restricted to north China, 
though beds of this series are present in Yunnan and perhaps in Kwei- 
chow. That the Taiyuan fauna is in part at least derived from the 

_Viséen is shown by the presence in it of Viséen olements, though these 
may be more or less modified. Most prominent among these is Spirifer 
bisulcatus, which may be regarded as the most typical member of this 
fauna. Productus taiyuanfuensis is likewise a modification of an 
earlier Dinantian type. Some elements may have wandered in from 
the European region at the end of Viséen time but the bulk of the 


fauna appears to be endemic. 


So far no evidence of the occurrence of the Taiyuan fauna in 
south and central China has been found, and these basins appear to 
haye been separated from the Taiyuan basin of north China by a’ 
broad and effective land barrier, the ancient Tsingling land of central 
China. During the flooding of the south Chinese region and the 
Mongolian geosyncline in Viséen time, north China was dry land and 
subject to erosion, and it is quite possible that the Ordovician limestone 
of north China contributed largely to the mass of lime-sand and 
lime-muds from which these Viséon strata are made. -At the end of 
Viséen time, the waters withdrew from much of south China and 


apparently also from the Mongolian geosyncline, but readvanced 
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through the Nanshan geosyncline over north China, forming the 
Taiyuan basin in which the residual Viséen elements reappeared in 
modified forms. , 

The outline of the Taiyuan basin can be determined with a 
fair degree of approximation from the sections now available. The 
eastern border apparently lay only a short distance to the east of the 
present coast line of Chihli and there is no evidence that connection 
with the Pacific existed. In eastern Chihli (Kaiping basin) the 
Taiyuan series is chiefly represented by continental strata, the marine 
members being restricted to thin limestone beds, one of which, the 
Tangshan limestone, is the most prominent. Altogether, the thickness 
of the marine members comprised probably less than one meter. 

The recent studies of Messrs, Chao and Tien of the Survey, 
in southern Chihli and Shantung haye given us new data for the 
determination of the southern shore line of the Taiyuan basin. In 
Shia-Kou-Chuan, Chang-Ch’iu-Hsien, : Shantung, about 150 miles 
south of the Kaiping basin, the Taiyuan series has a thickness of 240 
meters or more, and carries five marine beds, these totaling 82.50 
meters in thickness. This evidently indicates a region nearer to the 
center of the Taiyuan basin, where the marine waters lingered longest 
or returned most frequently. Fifty miles further to the south, in Lai- 
Wu-Hsien, Shantung, only one marine horizon with Marginifera 
linchengensis Chao, Spirifer bisulcatus, Lophophyllum acanthiseptum 
and Productus taiyuanfuensis occurs. In the Poshan coal field, half 
way between these two localities, but about 25 miles further east, the 
Taiyuan series contains two marine beds, a lower 4 meters in thick- 
ness and 12 to 50 meters from the base, and an upper 1.50 meter 
thick and 50 to 85 meters above the base. Thus we may draw the 
eastern boundary of the Taiyuan basin in Shantung some miles east of 
the Poshan region, and the southern boundary a similar distance south 
of Laiwu. 
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145 miles west of Laiwu, in the Tsechow and Liuhokou coal 
fields, of southern Chihli and northern Honan, the Taiyuan is again 
miet with in pronounced marine development. Here five marine beds 
are recognized, aggregating nearly 17 meters in thickness, the Taiyuan 
series itself being only about 100 meters thick, or less than ‘half its 
thickness shown in the Changchiu section. The following brief sum- 
mary of this section has been contributed by Mr. Chao: 

The Taiyuan series rests disconformably upon the Ordovician 
limestone and begins with shales and sandstones carrying three coal 
beds in the upper portion, the total having a thickness of 25,9 meters. 
This is succeeded by the TacHING LIMESTONE 10.87 meters in thickness, 
with some shales in the upper part. From these the following fossils 
haye been obtained: Productus taiyuanfuensis Gr., P. aculeatus var. 
echidniformis Gr., P. rectangulatus Chao, Marginifera linchengensis 
Chao,. Hnteletes lamarchi Wischer, Lophophytlum acanthiseptum Gr., 
Rhipidomella michelinioides Gr. & Chao, /ustedia bella Gr,, Spirifer 
pankouensis Gr., S. bisulcatus mut. 7, ete. This horizon appears to 
represent the Pankou limestone of Shansi, Overlying it are 15.3 
meters of unfossiliferous shales and sandstones with a coal bed at the 
top and then follows the second limestone about 1.5 meters in thick- 
ness. This is the Hstaocuina nimMesronn, which is especially rich in 
two brachiopods, Productus taiywanfuensis Gr. and Orthothetes taiyuan- 
fuensis Gr, This horizon proLably represents the Miaokou limestone 
of Shansi. It is suececded hy 8.6 meters of shales, again with a coa’ 
bed at the top, above which follows the third limestone, 2 0 meters in 
thickness. This has been called the FucHine Limestone and abounds 
in Fenestella. 1 is succeeded by 7 meters of sandstones with a coal 
seam near the top and on this rests the fourth limestone, 2.5 meters in 
thickness, This is the SHANvdING LIMEsTONE and it contains the 
following species in abundance: Lophophylium acanthiseptum Gr., 


Productus taiywanfuensis Gr., Marginifera lopingensis yar. Succeeding 
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it are 18.6 meters of shales, terminated again by a coal bed and 
followed by the fifth limestone of the region 0.85 meters in thickness. 
This is the Yeucuinc timestone, the highest marine bed of the 
region, characterized by Spirifer bisulcatus. It is followed by more 
unfossiliferous shales. Jusulinw is abundant in all the limestones. 
Tt will be observed that all the continental sediments of this series 
terminate in one or more coal beds and these are immediately followed 
by the marine limestones. Thus the marine invasion always followed 
the development of low swampy areas, and was succeeded by a period 
of vigorous continental sedimentation. 

Sixty miles further north, at Lincheng in western Chihli, 
another good section of this formation is known. Here, however, only 
3 limestones are shown with an aggregate thickness of 8.7 meters, 
but the section is undoubtedly incomplete, probably through pre- 
‘Permian erosion. The succession, in this section, is as follows 
according to Mr. Y. T. Chao, (in descending order) : 

Trtassic? red sandstones, more than........... 500 meters 

“UPPER PERMIAN, about.........0.cccvsrssessorsees 450 meters 

Red, sandy shales and white sandstones in upper part; 
variegated shales and thin beds of sandstone in lower 
part. 

Lower PErMtan, about....c...cccccccseees Werends 110 meters 

Shansi series, sandstones and shales with a thick bed 


(30 meters) of gray sandstone at tho base. No marine 


beds, 
Disconformity 
PATYUAN SERIES, AbOUt so noscseettesec rev ecestenes 155 meters 
7. Shales........ 2 ESIC 10.0 meters: (?) 
6. Peiching limestone............ LY meters 


5. Yellow shales...........2./..+ 9.7 meters 


Palzozoic Supplement. Ad9 


4, ‘Howkout limestone.......... 2.9 meters 
3. Sandy shales.... sn. -.3.0 .47.0 meters. 
2. . Chitsun:limestone......... ... 4.6 meters 
1. Sandstones and shales...... 80. 9. meters 


Disconformity 
ORDOVICIAN, LIMESTONE, ; 

PE. “: The CHIrsUN LIMESTONE is the thickest of the series, and is 
of massive character and gray color. Besides crinoidal stems it has 
only furnished the following species: Spiri fer bisulcatus Sow. ( mut , 
8, pankouensis Gr., Marginifera linchengensis Chao, Enteletes sp., 
Dielasma sp. legs ; . igen 

‘Tho Houxour{ Houxovursun) timestonn is the most fossilifer- 
ous bed of the region, the abundance of crinoids in it having lcd to its 
being regarded by the farmers as a source of ‘stone coins”: According 
to Messrs. Chao and Tien it is divisible into three parts. An upper 
violet ferruginous limestone, a yellow impure crinoidal limestone with 
Pinnatophyllum wangi anda lower soft calcareous shale abounding in 
Deltopecten giganteus. More than 50 species’ of fossils have already 
becn identified including 9 species of crinoids belonging to the genera 
Sinocrinus (Tien), Certocrinus and Eupachyerinus, The most abund- 
ant corals are Pinnatophyllum wangi Chao, and Lophocarinophyllum 
acanthiseptum Gr. The commoner brachiopods’ include Spirifer 
bisulcatus Sow, (mut.), S. derjawini Yan., Productusdaiyuanfuensis 
Gr., P. echidniformis Gr., P. semireticulatus Mart., P: costutus Sow. 
(var.), P. punctatus Mart., Marginifera linchengensis Chao, Rhipido- 
mella michelinioides Gr. & Chao, Orthothetes crenistria Phill. (var.), 
Spiriferina willisi Gr., Chonetes cf. nystrémi Gr. Peleeypods are 
numerous including the large pectenoids Deltopecten giganteus Chao, 
and D. multistriatu Chao, besides Acanthopecten shansiensis Gr. A 
number of other species of pelecypods and of gastropods and cophialo: 


pods also occur in this stratum, many of them. being new, 
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The PEICHING LIMESTONE contains essentially the same fauna, 
though the number of species appears to be smaller. With these, 
however, occurs the new genus of foraminiferan named by J. S. Lee 
Grabauina (genotype G. disca Lee) a form intermediate between 
Fusulinella and Fusulina (Lee 36). 


The Shansi series, as well as the higher Permian in this 
region, are wholly non-marine, indicating that the Shansi transgression 


covered # much smaller area than did that of the Taiyuan epoch. 


About 100 miles west of Lincheng lies Taiyuanfu in the 
vicinity of which the most complete series of sections has, been made. 
These sections have already been described in the previous chapter 
(see ante p. 254, Fig. 178, sections [1], IV and V). Light distinct 
limestones are here recognized in the various sections, these having an 
aggregate thick 1ess of 39.65 meters. They comprise the following in 
descending order: * 


8. Kuanti limestone....... ... 3.95 meters 
7.. Shihchiwa limestone...... 3.0 " 
6. Hsiehtao limestone......... 25 i 
5. Maoerh limestone.......... 8 2 a 
4. Miaokou limestone......... 12:2 i 
8. Pankou limestone.......... 5.7 3 
2, Nanyao limestone.......... oops 
1. Chientaokou limestone.... 1.38 ,, 


Total 39.65 meters 


This is the thickest and most complete section of the Taiyuan 
series now known, but it must be borne in mind that, as in the other 


sections ‘so far described, these limestone beds are interbedded with 


* The revised spelling of these names is here given. See list at the end of this 
chapter, : : u 
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-sands and clays, many of them coal-bearing. Thus it is evident that 
even in this reyion the Taiyuan basin was flooded at intervals by 
marine waters from an outside source, these floodings being interrupted 


by periods of continental sedimentation. 


About 100 miles north-west of Taiyuanfu we meet with 
another good section of this formation near Paotechou in west Shansi. 
Here, however, the Taiyuan formation is only about 42 meters thick 
and contains only two marine beds, a lower (Changchiakou limestone) 
1.2 meters thick, and about 20 meters above this, a higher (Palou 
limestone), 8 meters thick. The Taiyuan series is separated from the 
Shansi series by a coal bed 20 meters in thickness. These beds, as 
before noted, correspond to the lower members of the series in the 
Taiyuanfu region of central Shansi, and it appears that we are here 
approaching the northern rim of the Taiyuan basin. 


_ One hundred and eighty miles south of Taiyuanfu, and south 
of the Yellow River, is the Kunghsien section of north Honan. Here 
Nystrom and Erickson have collected some corals apparently from 
rocks of the Taiyuan series but the details of the occurrence have not 
‘eon determined. The southern shore of the Taiyuan basin may, 
however, be placed south of this locality. 


Further west in the Hsin-An (Hsinan or Sin-An) region of 
northern Honan, the section shown in Fig. 283 on page 394, was : 
made by Nystrém. The Taiyuan series here rests disconformably 
upon the Ordovician limestone and includes a thin Fusulina lime- 
stone. From dark shales in the lower part of the section near 
Kuang-K’ou on the Yellow River the following characteristic Tai- 
yuan species have been obtained (Locality 803): Chonetes nystrémt 
Gr., C. pankouensis Gr., Productus tatyuanfuensis Gr., Orthothetes cf. 
taiyuanfuensis Gr, Huphemus  sp., Crinoidal stems. This region is 
not far from the southern border of the marine Taiyuan basin. 
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__- Much new information regarding the Taiyuan, ag well as the 
Viséen and: Shansi series, has recently been obtained in Kansu during 
wa thana year of exploration by Mr. Phillip Yuan of the Survey. 
The localities studied by him lie between 400 and 550 miles west. of 
Taiyuanfu, extending from the vicinity of Wu Wai (Liang-Chow-Fu) 
to near the Bardoun river, and including the localities previously 
studied by Loczy and Hsieh. The faunas have not yet been studied 
in detail but preliminary examination shows much new and interest- 
ing material.* In one of the western-most sections at Mo-kou (Hei- 
Shi-Shia), 70 li (28 miles) south of Fu-I-Hsien (approximately Lat. 
100° E., Long. 39° 25’ N.) the following section was made ky Mr. 
Yuan in descending order: 

SUPER-FORMATION. Permian coal series 
on Disconformity 
TAIYUAN SERIES 
d. Bellerophon beds......cecseccesecesseees .....6.0 meters 
richly fossiliferous shales with abundant gastropods. 
c. Unfossiliferous shales. i. v.02... cecsc seuss 6.0 meters 


Marine limestone with Spirifer bisulcatus and a 


large Nautilus species..............cs.sceeees 0.5 meters 
a. Conglomerate and sandstones..............- 4.0 meters 
Unconformity 


Sus-ForRMATION. Nanshan sandstones. 

The Taiyuan series is here 16.5 meters thick and rests 
directly on the Nanshan series of pre-Cambrian time, thus overlapping 
the. Viséen beds. The Bellerophon shale (bed d) is especially 
characterized by gastropods, among which Bellerophon sp. noy. and 
‘Loxonema szechenyit Loczy (Fig. 155, p. 237) are the dominant 
types. © 


* The details of the sections and their location have been furnished by Mr. Yuan, 
! : y 3 
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At Yao-Kou, about 18 miles (45 li) west of Mo-Kou, the 
Taiyuan series is 20.5 meters thick resting unconformably on igneous 
beds and being succeeded disconformably by Permian beds. The 
marine facies of the Taiyuan however, ig represented only by two thin 
limestones totalling 3.5 meters in thickness. These are embedded in 
continental sands and shales and indicate periodic invasions of this 
region by the sea. The lower of these limestones, 2 meters thick, 


contains corals and brachiopods (Spirifer, etc.) ; the upper carries 
Fusulina. 


About 100 miles (250 li) east of Mo-Kou at Hsin-Ho, the 
continental series is thicker, though not fully exposed, but there too 
only 2 marine beds, totalling 2.45 meters in thickness, are interbedded 
in the continental series. Both of them carry Fusulina, and this and: 
the preceding section therefore mark the coastal region of the Taiyuan 
waters, only temporarily flooded by the sea. 


A more extensive marine series is shown at Li-Chia-Chuan, 
20 miles (50 li) south of the preceding. Here the Taiyuan series 
also rests unconformably upon the Nanshan. It has a thickness of 45 
meters and is disconformably succeeded by beds of Permian’ age. 
Here the series begins with 10.8 meters of continental beds followed 
by a marine limestone 1.5 meters thick. This is succeeded by a 
non-marine bed 0.8 meters thick, above which lies a second marine 
series of shales and limestones 5.8 meters in thickness. Then follow 
26 meters of continental beds, which however Buty a Fusulina 
limestone 2 meters thick in their upper part. 


Still more complete is the section at Hung- Shan-Yao, 26 
miles (65 li) further to the south-east. Here a thickness of 76.4 
meters of the Taiyuan series is exposed but the base of the section is 
covered, The marine series has an aggregate thickness of 35.2 


meters, that is, nearly one-half the exposed section consists of marine 
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beds, the continental beds being chiefly confined to the upper part of 
the series. From 46 to 50 meters below the Permian is a limestone 
bed rich in fossils, among which the following are common (Locality 
539):  Orbiculoidea sp. noy., Rhipidomella michelinioides Gr. and 
Chao, Reticularia rotundata Gr., Chonetes pseudovariolata (Nikitin) 
Loezy, Productus taiyuanfuensis Gr., Marginifera loczyi Chao, M. 
longispinus (Loczy), Spirifer pankouensis Gr., S. bisulcatus Sow. 
mut., Hwomphalus sp., Hustedia bella Gr. 


In the Cho-Niu-Kou section, 100 miles (250 li) S. E. of 
Hung-Shan-Yao and 28 miles (70 li) W. by 8. from Wu-Wai (Liang 
Chow-Fu) the Taiyuan is 15.5 meters thick and is separated from the 
Viséen by 5 meters of plant-bearing non-marine sandstones. It is 


disconformably succeeded by beds of Lower Permian age. 


Sourn West CHINA—YuNNAN. The Taiyuan series is repre- 
sented in the Yunnanfu region by the Eurnkar (Eulkai) group, 
which has been referred to above (p. 246) as carrying a fauna in 
which many species of Viséen characteristics are retained. This is 
the horizon from which Spirifer bisulcatus var. weiningensis Grabau 
was cited by Mansuy under the name of S. mosquensis. Coggin 
Brown (7, p. 100) refers to the deposits at Eurlkai, 25 miles south- 
west of Yunnanfu (Long. 102° 34’ E., Lat. 25° 41’ N.) as Middle 
Carboniferous, and Cowper-Reed (45, p. 218) lists the fossils as Upper 
Carboniferous. . The beds consist of sandy yellow shales followed by 
limestone bands, the beds striking north 20° west and dipping at high 
angles towards the east, At the mine, Brown determined the suc- 


cession to be in descending order: 


d. Dolomitic limestone 2 
c. Limestone with Hwomphalus 10 ft 
b. . Sandstone with coal seams 40 ft. 


a. Reddish limestone nae, 
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From the limestone (c) the following fauna was obtained by 
Reed: Foraminirera:* Hndothyra cf. bowmanni Phill., Fusult- 
nella sp., Spirillina sp.; AntHoz0A: Campophyllum vigilans Reed 
(sp. nov.); Bracutoropa: Productus sp., Streptorhynchus aff. 
pelargonatus Schloth , Athyris (Seminula) ef. subtilita Hall, A. (S ) 
eulkaiensis Mans?, Spirifer sp.; Gastropopa: Huomphalus (Schizo- 
stoma) cf. catillus Mart., Pleurotomaria (Mourlonia?) eulkaiensis Reed 
(sp. nov.), Bellerophon (Waagenella) sp. According to Brown the 
dolomite limestone (d) carries Chetetes subradians Mans. 

Four coal seams were reported by Lantenois in this series, 
but Brown only noted two, each about 4 feet thick and separated by a 
thin series of sandstones and shales. 

The same series is also exposed 8 miles further to the north- 
zast at Hsintsun on the Po-tu-ho, where the rocks are almost horizon- 
tal. It is again seen 10 miles north of Yunnanfu at Yen-tzu-shao 
(Long. 102° 42’ E., Lat. 25° 12° N.), where the succession in 
descending order is: 

c. White fossiliferous limestone 
b, Sandstone and shale with thin coal seams 


a. Sandy limestone 


The white limestone hag furnished, according to Brown, 
Fusulinella sp., Spirillina sp., Endothyra? sp., and according to Reed, 
Dibunophyllum? sp., Spirifer (Martiniopsis) orientalis Tschern. var., 
and Porcellia? sp. 

Summarizing the information we have at present of the 
stratigraphy of the Yunnan-fu region, we ‘find both Viséen and 
Taiyuan horizons represented, the gastropod limestone (Laotien and 
Choueitang) may represent a part of the Middle Carboniferous, but 


_ * According to Coggin~Brown. 
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above this follows disconformably the lower marine Permian, succeeded 
in turn by Red Beds. 


Paleogeography of China in Tatyuan Time. 
(Map Plate IT.) 


From the Cho-Niu-Kou section if is clearly seen that the 
Taiyuan series overlies the Viséen beds, but it is separated from them 
by beds of continental character. No section is as yet known in 
which the Viséen and the Taiyuan are entirely continuous unless this 
occurs in the south-west Chinese basin where, as we have seen, a part 
of the Taiyuan may be represented by the Weining and other lime- 
stones. These Yunnan strata are, however, as yet too little known to 
permit us to form accurate conclusions. 


From the sections so far obtained it is evident that the 
Taiyuan basin was not continuously occupied by marine waters but 
was repeatedly flooded from some outside source, and with each 
flooding the returning fauna was to a greater or less extent modified. 
Thus we must postulate the existence of some basin in which this 
modification was going on and from which the progressive floodings 
proceeded. Where was this basin located? There are three possible 
answers to this question. The first is that it was located in Sinkiang 
and the region to the west of it in central Asia, and that tho Taiyuan 
basin was flooded through the Nanshan geosyncline. However, the 
Kansu sections which lie in the very heart of this geosyncline so far 
show only an incomplete representation of the Taiyuan series and 
many of the types which are known in the interior have not yet been 
found in the Kansu section. Thus with our present knowledge we are 
hardly justified in considering the fauna of the Taiyuan basin to haye 
entered from the north-west. | 


The second point of connection might be considered as haying 
been on the east. As we have seon, the Kaiping and Changehiu 
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sections are about 150 miles apart and nothing is at present known 
from the region between. It is not impossible that an opening existed 
on the east somewhere along the line of the present Yellow Sea to the 
Pacific of the period, though certainly there is no evidence whatever 
for the existence of such a connection. The question can only be 
settled definitely by the discovery of intermediate sections between 
those now known. If these show an increasing marine series the 
probabilities of such a connection are strengthened, whereas if the 
number of marine beds is reduced we must postulate that there was 
continuous shore line on the east.) In that case only the third 
alternative remains and that is that tho Taiyuan fauna developed in 
the Szechuan-Yunnan basin of south-western China. and that the 
Taiyuan basin was repeatedly flooded from this source around the 
western end of the Tsingling old land. This seems at present the 
most plausible answer to our question, for it is in this region that we 
have a great unexplored inland area, which we know was covered by 
marine waters during the Viséen period and which may have remained 
more or less an isolated basin, the waters of which repeatedly flooded 
the Taiyuan basin on the north-east and passed through the Nanshan 
geosyncline towards the central Asiatic region to which they supplied 
many of the modified forms which there became the dominant mid- 
Carboniferous types. The solution of this problem, therefore, awaits 


the study of the great marine limestones of south-western China. 
Extra-Chinese Territory. 


Boehm (3) has reported the existence of Posidonomya bechert 
from Nohewi?, island of Sumba, in the Dutch East Indies, about 
latitude 9° 40’ S., longitude 119° 30’ E. This is probably to be 
regarded as an extension of the Posidonomya becheri beds of the 
Malay peninsula described on page 293 et seq. and indicates the extent 


of the marine areas in the Indian Ocean region in Taiynan'time, .. 
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PERMIAN SYSTEM. 
Central and South-Hast China. 


So far as the evidence now at hand permits us to judge, the 
Permian basin of the eastern part of central and south China was 
entirely distinct from that of north China, the two apparently having 
distinct inter-oceanic communications, at least in the earlier part of 
the Permian period. South-eastern China was characterized by the 
existence of a geosyncline, which extended north-eastward through 
Kiangsi and the border region of Chekiang, Anhui and Kiangsu. 
Here we recognize the transgression of the sea in Permian time 
and its gradual spread, as shown by the overlap of the successive 
formations. The geosyncline opened to the Pacific on the east in the 
region of the Yangtze mouth, and on the south-west joined the 
waters which covered Kweichow, Szechuan and eastern Yunnan. 

We will first consider that part of the geosyncline which 
extended from the Kiangsi-Hunan border north-east to the Yangtze 
mouth. What are believed to be the oldest marine beds in this region, 
marking the center of the geosyncline, are those carrying the Loping 
or Lyltonia richthofent fauna. The famous Loping basin lies in 
north-east Kiangsi, east of the Poyang lake (about Lat 28° 45’ N., 
Long. 116° 50’ E. See Map Pl. IV). A section of this has been given 
on page 862. The basal beds of this basin consist of shales of unknown 
thickness, which rest unconformably upon the older pre-Paleozoic 
rocks. It is not known whether these shales contain fossils or not. 
They may represent a lower horizon in the Permian or they may even 
be. of Lower Carboniferous (Dinantian) or earlier age. They are 
succeeded with apparent concordance by the main coal bed, above 
which lie the shales and limestones which carry the Loping fauna. 


More than 200 miles north-east of Loping we meet with this 
fauna again in Tung-Ting-Hsishan in southern Kiangsu (Locality 601 
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about Lat. 31° 15’ N., Long. 120° E.). Were again the base of the 

series is not. shown nor is the underlying rock known, the outcrops 

representing later beds of dark limestones. Irom these the following 

species have been obtained Lyitonia richthofent Kayser, Reticularia 

waagent Loczy, R. indica Waag , Productus sp., P. kianysiensis Kayser 

Martinia triquetra Gemm. var. lopingensis (M. elliptic: Kayser), 

Marginifera lopingensis Kayser, Derbya grandis Waag. Orthothetes cf. 
eusarcus Abich, Pseudomonotis? sp., Phillipsia obtusicauda Kays. 

The Lyttonia fauna is also found at Chou-Tang, Kuei-Chih- 

Hsien, Anhui (Loc’s 709-712). Here the following section was made 

by Messrs. Yih and Li, in descending order: 
PERMIAN 
Changsing and younger horizons 
3. Dark carbonaceous limestone and shale with 
fossils near the base (711) ....c.ccs.0++150 m. 
Loping horizon : 

2c. Yellowish gray caleareous shales. with the 

typical Loping fauna, including Lyttonia richt- 

hofent, Marginifera lopingensis, Productus cf. 

gratiosvs, P. kiangsuensis Chao, ete. (Loc. 712) 

he eh ROG TO PEON St mst sS8 7 Gaon aR re 1m. 

2b. Dark massive or thick-bedded cherty limestone 

with a few fossils of the Loping type (710)- 

G33 oe DOD SOO At Unt ens) oatacs Hobo iccoeIR SBOE 30 m, 

2a. Dark carbonaceous shales and limestones with 

fossils of the Loping horizon ....... ...... 10 m, 


Disconformity 
SILURIAN 


1. Wutung quartzite and shales, 


The interest of this section lies in the fact that the Loping 


horizon here follows directly upon the Silurian quartzite, overlapping 
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the Chihsia limestone. Together with the type locality at Loping it 
gives us also two points in which we find the Loping horizon resting 
directly upon the older rocks and thereby representing the extent of 
the invasion of the Loping waters. 
As above noted, the Loping fauna is especially. characterized 
by Lyttonia richthofent, and as this form is also found in Vladivostok 
and in Japan, connection with the. Pacific was evidently established 
(see the map, page 325). The south-western extension of this fauna 
can not at present be traced, but it was certainly {o the north of 
Leipakou in Hunan, probably in the Changsha district, whence it 
extended westward to Kweichow (Tung-Tze-Hsien) ‘and Svechuan 
(Ki-Kiang-Hsien) , from which localities this fauna has been reported. 
We had previously identified the Loping fauna from the Iron Ore 
region of ‘fao-Chung, in eastern Anhui but this requires further study 
and verification. On the north, the Loping fauna seems to be 
included in the lower part of the limestone series which forms the 
great cliffs of the Yangtze and which has been classed as a whole as 
the Wushan limestone by Willis and Blackwelder. The lower part of 
this limestone, as already noted, is now known to be of Dinantian age, 
but beds with Lyttonia richthofent, Oldhamina sp., Productus abichi 
Waag., Reticularia waagenit Loczy and Productus sumatrensis var. 
palliata Kays., occur about 500 meters above the horizon of the Dinan- 
_ tian fauna. This is probably the Changsing or Oldhamina fauna, 
which is believed to overlie the Lyttonia fauna in the eastern region. 
However, the association of Lyttonia richthofent with Oldhamina in 
these beds on the Yangtze indicates that the horizon of the Lyttonia 
fauna is also included in these limestones and we may at present 
consider that the 500 meters or more of limestone, which overlie the 
_ Dinantian beds of this region, include both the Lyttonia and the 
Oldhamina faunas. These deposits evidently belong to the eastern 
extension of the Tsingling geosyncline which joined the Loping 


Palzozoic Supplement. 471 


geosyncline, as we may provisionally call it, approximately at right 
angles in the region north of Nanchang in Kiangsi. The waters of 
this Tsingling geosyncline were apparently confined to the Yangtze 
region in Hupeh. Certainly there is no known indication of these 
faunas in Honan, where on the other hand we meet with faunas of 
the northern type which are as yet unknown in the Yangtze region. 
It is quite probable that the geosyncline at this time included the 
Choutien region of northern Szechuan, a section of which is given on 
page 870, with description on page 367, though at present the fossil 
evidence for the existence of the Lyttonia fauna in that region is ~ 
lacking. 

| What appears to be the next higher horizon is shown in the 
limestones of the Changsing coal district of northern Chekiang 
(Locality 900) where the following species have been obtained: * 
Oldhamina decipiens, Reticularia waagent Loczy, Productus gratiosus 
Waag., P. swmatrensis Roemer var. palliata Kays , P. abichi Waag., 
P. mongolicus Dien., P. sp., Marginifera lopingensis Kays., Martinia 
warthi Waag. var. sulcatus Chao, Orthothetes cf. eusarcus Abich, 
Enteletes sp., Tainoceras sp., Tachylasma aster Gr., Reticularia 
inxquilateralis Gemm. var. lopingensis Gr. It is possible that in this 
region the beds with the Loping fauna underlie those with the 
Oldhamina fauna but they have not been found in immediate associ- 
ation. Thirty or forty miles to the south, however; in the Hangchow — 
district of Chekiang, the Lyttonia, as well as the Oldhamina beds, are 
entirely wanting in their marine facies though they may be in part 
represented by continental coal-bearing beds. The first marine bed 
here, however, belongs to the Hsiaochiang horizon, which according 
to our present understanding, overlies the beds with Oldhamina. 
There is thus indicated an overlap on the south-eastern margin of the 


¥ Identification by Y. T. Chao, 
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_ geosyncline. In like manner, if we turn to the north-west border of 
the geosyncline, we find in the Hsuanchin coal region of eastern 
Anhui (Loc. 722-730) about fifty miles due west of the Changsing 
region, that the Lyltonia, as well as the Oldhamina beds are again 
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Fig. 299. Map of South China showing the extent of the sea during the 
successive epochs of the Middle and Upper Permian, and the 
progressive overlaps of the younger over the older formations. The 
stages are indicated in the margins as follows: a, a, Loping epoch 
(Lyttonia Fauna) ; b, b, Changsing epoch (Oldhamina Fauna); ¢, ¢, 
Hsiaochiang epoch ( Orthothetes tingi Fauna); d, d, Paoan and Tayeh 
epochs (Gastriocerus and later Faunas). The Roman numerals 
I-VII in the map indicate the locations of the sections in Plate V. 
Other localities named, except 703-Tao-Chung, and 712-Choutang. 


overlapped, the first marine bed also being formed here by strata of 
the age of the Hsiaochiang formation. Thus the width of the 
geosyncline is, in this region, fairly well indicated (Fig. 299). The 
distance between the Hangchow and the east Anhui regions, in both of 
which the Loping and Oldhamina faunas are wanting, is approximate. 
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ly sixty miles, the direction being north-west and south-east, or 
essentially at right angles to the direction of the old geosyncline. 
Bearing in mind that the distance has been fore-shortened by the 
subsequent folding of the strata of the geosyncline, we may perhaps 
regard the width of the original geosyncline in this region as some 
thing less than the width of the northern end of the Red Sea, below 
the Sinai peninsula. South-wesiward, however, this expanded to 
more than twice that width. 

The Loping and Oldhamina horizons are succeeded by the 
Hsiaochiang horizon, which is typically developed in the Chian district 
of south-western Kiangsi - RY . 

(akout Lat. 26° 20’ N., 
Long. 114° 15’ B.). The & 
succession in this region has tl 
already been given (p. 361), 
where it will be seen that 


the Hsiaochiang limestone, 


Orthotichia morganiana Derby, var. si nensis Gra- 
formerly called Hsiaochiang- bau. Type from Feilaifong Limestone, Chekiang 
(Cat. 725), nat. size. 


pien limestone, forty meters 
thick, rests upon the Aochéng coal series, which may represent the 
horizon of the Loping coal, although the paleontological evidence for 
that is at present lacking. The Hsiaochiang limostone contains an 
important fauna in which species of Orthothetes predominate with 0. 
tingt (Fig. 247, p. 359) as the leading type, while Orthotichia mor- 
ganiana Derby var. sinensis Gr. (Fig. 300) is an equally characteri - 
tic and typical form. It should be noted that this species was 
originally described from the upper coal measure beds of South 
America (Brazil and Bolivia), where it appears to be a characteristic 
form. Again it has been identified by Tschernyschew in his Upper 
Carboniferous formation (Schwagerina beds) of the Ural region, in 


Russia, and of Darwas, This form is entirely unknown in the Indian 
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Permian, and it is quite probable that it entered the south Chinese 
region from the Pacific, especially as this species is also found in the 
north-eastern portion of this south Chinese geosyncline. The path by 
which it reached the Russian region is not so readily determined. It 
may have reached that distant country by way of the Mongolian geogyn- 
cline, though at present the species is not known from Mongolia. 

Because of the importance of the fauna of the Hsiaochiang 
formation, a more complete list of the species so far identified, is here 
inserted, the following list representing the known species of the 
fauna of the Hsiaochiang Formation: ; 

Bryozoa: Synocladia sp.; Bracutopopa: Productus semire- 
ticulatus d’Orb., P. gratiosus Waag., P. rhynchonelloides Chao, P. 
chianensis Chao, P. alternopustulosus Chao, P. cora d’Orb., Schizo- 
_ phoria chianensis Gr., Orthotichia morganiana Derby var. sinensis 
Gr., Orthothetes tingi Gr., O. anderssoni Gr., O. anderssont mut. 
heterostriata Gr., O. carinostriata Gr., O. carinostriata mut. sinwosa 
Gr., Spiriferina chuchuani Gr., Reticularia lineata Mart., Ambocelia 
cf. planoconvexa Shum. 

The Hsiaochiang formation is immediately succeeded by the 
Féngtien series, which in its upper part, carries the highest marine 
Permian fauna at present known from south-eastern China, and 
which, as will be shown presently, has a wide distribution in this 
region. Hence it is evident that the H siaochiang formation indicates 
an overlap of later Permian over the Oldhamina and Lyttonia 
chorizons. Ag above noted, the non-marine Aochéng coal series, which 
underlies the Hsiaochiang limestone, may represent the Loping 
horizon. Here again we have a point in the eastern border of the 
Loping geosyncline, this serving to determine the approximate outline - 
of this water-way. 

There is, however, another locality 100 miles or more to the 
east of the Chian region, which must be taken into account in this 
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connection. This is at Tingchowfu, Changting in western’ Fukien, a 
region which has been studied by Mr. S.W. Wang of the Survey. Here 
he discovered a dark shale layer litterally crowded with specimens of 
Productus cora var. fukienensis Chao with more rarely P. cf. subcostata 
Waagen, Marginifera ornata Waagen and M, frechi Chao. It is one 
of the few marine horizons in the Permian of this eastern region and 
represents apparently the lowest one. Because of its limited develop- 
ment it is probably to be regarded as formed in a local cmbayment or 
estuary of this region for, as will be shown presently, the great mass 
of beds in this locality is of continental origin with fresh-water 
mollusks, and with plant remains. It is quite possible that this 
represents the period of the Hsiaochiang expansion, though it may be 
younger. 

About 370 miles due north-east of the Chian locality, in the | 
hills around Hsihu, western Hangchow in Chekiang province, essen- 
tially the same relationship is shown, the first marine Permian bed 
being the equivalent of the Hsiaochiang of Kiangsi. This then marks 
two points along the border of the Loping geosyncline, where the late 
Permian beds overlap the Oldhamina and Loping horizons. The 
section (Plate V, Section VI) begins with the Laono shales and 
sandstones 250 to 400 meters in thickness, which rest unconformably 
upon the folded Ordovician strata (Kinshan beds), the upper members _ 
of which have yielded an Orthoceras comparable to, and perhaps 
identical with, O. chinense of the Upper Ordovician. The age of the 
Laoho series is tndetermined, consisting according to Mr. T. O. Chu, 
entirely of unfossiliferous clastic beds. At the base there are conglom- 
erates which are followed by white sandstones, which in turn are 
overlain by brown micaceous sandstones, part of which becomes a 
quartzite. Nearer the middle are violet and green sandstones:and the 
upper part consists of hard and compact sandstones, showing tho 
evidence of recrystallization. This may be provisionally correlated 
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with the Aochéng series of south-western Kiangsi and the Oldhamina 
and Loping horizons of the central part of the geosyncline, of which 
these beds appear to represent the continental equivalent. The Laoho 
sandstones are followed with apparent conformity by the FErma1rone 
formation, which consists of thick-bedded light gray limestones contain- 
ing occasionally flint nodules and lenses,and enclosing, besides numerous 
Foraminifera (Schwagerina), several characteristic brachiopods, 7.¢., 
Orthothetes tingt Gr., Orthotichia imorganiana var. sinensis Gr., 
Productus sp., and Griffithides cf. obtusicauda. This is evidently the 
horizon of the Hsiaochiang formation of Kiangsi. 

The same formation is again met with on the opposite side of 
the geosyncline in south-eastern Anhui (Plate V, Section IV), where 
the Yehshan limestone, the equivalent of the Chihsia limestone of 
Upper Dinantian age, is disconformably succeeded by the Kooréne 
limestone (Locality 723). It is characterized by Griffithides cf. 
obtusicauda identical with the form found in the Feilaifong limestone 
of east Chekiang and like that, represents the Hsiaochiang horizon. 
This is succeeded by the Hsuancuin coal series, which in the basal 
part contains Chonetes sp., Aviculopecten sp., and higher up Productus 
sinensis rech, a form also known from the Wushan limestone of the 
Yangtze and the Peishan limestone of north-western Kiangsi, and like. 
the latter, representing the Upper Permian horizon. Other fossils 
found in the middle Hsuanchin coal series are Marginifera cf. spino- 
costatus and Productus gratiosus. 

_ The Hsiaochiang horizon is again found in the upper part of 
the T'soshan limestone in the Su-Sung district of south-western Anhui 
and the Jui-chang and Hsiu-shui districts of north-western Kiangsi. 
Here we again find Productus chianensis Chao, a characteristic form 
of the Hsiaochiang formation, together with some other species. Here, 
as in other sections, the limestone overlies disconformably the Chihsia 
limestone of Dinantian age together with which it is here classed as 
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the Tsoshan limestone. The locality lies about 70 miles north-west of 
Loping and therefore marks the north-western border of the Loping 
geosyncline. About the same distance further to the north-west, in 
the Wuchang region of south-eastern Hupeh, identical conditions are 
met with. Here the Yangsing limestone 400 meters or more in 
thickness, the approximate equivalent of the Tsoshan limestone, 


Fig. 301. Glyphioceras (Anderssonoceras) anfuense Gr. Type from Féngtien 
shale, 8. W. Kiangsi. a, Side view; 5, ventral view of another 
shell; ¢c, suture. a, b, enlarged X 14; c, much enlarged. 


carries the Chihsia Dinantian fauna in the lower part and the 
Hsiaochiang fauna in the upper, these two parts being separated by 
a disconformity which covers the whole of the Middle and Upper 
Carboniferous and the lower half of the Permian (Plate V, Section 
Il). This and the preceding section form essentially equivalent 
localities along the north-eastern border of the Tsingling geosyncline, 
which here joins the Loping geosyncline nearly at right angles as 
above noted. The Hsiavchiang horizon is again represented in the 
lower part of the Upper Wushan limestone of the Yangtze gorges, 
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and by certain beds in the Tapashan section of the Choutien district’ 
in north-eastern Szechuan, though at present we cannot make preciso 
correlation. 

Throughout the south-eastern region, the Hsiaochiang lime- 
stone is succeeded by a coal horizon which has received various names 
in the different sections and this is 
followed by the Paoan shale, 
which is the horizon of Gastrioceras 
zittelt. In the Chian region of 
south-west Kiangsi (Plate V, Section 
VIL), these two horizons are repre- 
sented by the Féngtien series 200 
meters thick, with coal and fossili- 
ferous marine shales characterized 
by Enteletes magniventra Gr., and 


black shales with Glyphicoceras(An- 
at 302. derssonoceras) anfuense Gr. (Fig. 
Gastrioceras (Girtyites) lini Grabau. Com- 801)and Gastrioceras (Girtyites) liui 
Mee teatore evel naan erorin Gr. (Hig. 802), both of these gonia- 
lines. The spirally ornamented outer 
portion is added from another individual tites being widely associated with 
X 1. Paoan shale, S. Anhui; (type). , ia ; 
Gastrioceras (Girtyites) zitteli (Fig. 
261 p. 371) in the Paoan shale horizon of the Y: angtze valley. 

The form described as Gastrioceras zitteli Gemm. belongs to 
the genus Girtyites of Wedekind (62). This genus was separated 
from Gastrioceras because of the spiral sculpture of at least a part of 
the shell. G. zitteli was first found in China by von Riehthofen ia 
the Tapashan section in the Choutien district of north-east Szechuan 
(bed e, Fig. 259, page 370) and described by Frech (Fig. 261). It 
was next recognized by Hayasaka in the Taochung mining district of 
Anhui (Loc. 703) and obtained by Hsieh from the Paoan shales of 
south-eastern Hupeh. In this region it is associated with Gastrioceras 
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(Girtyites) liut Gr. (Fig, 802), both shells being pressed flat upon 
the brown paper-shales, and only showing the form and sculpture of 
the-shells but not the suture (see Section II, Plate V). Messrs. Yih 
and Li obtained G. livi in the upper Hguanchin coal series in beds 
representing the Paoan of Hupeh (Sect. IV, Plate V). In these beds 
it is associated with crushed shells of Glyphioceras (Anderssonoceras) 
anfuense Gr. (Vig. 301) and some other forms, but it is always 
flattened, and frequently preserved in pyritized condition. 

Prior to this Mr. T. C. Wang obtained this shell in abund- 
ance in the black shale of the Féngtien formation of the Chian 
district, south-west Kiangsi. Here it is associated with uncrushed 
shells*of Glyphioceras (Anderssonoceras) anfuense Gr. (Fig. 301); 
both goniatites being so well preserved as to place their association 
beyond doubt. Hither appears to be a good index fossil of this horizon 
and since G. lui is associated with G. zitteli in Hupeh, they, as well 
as this latter species, serve to indicate this very definite horizon in the 
Permian succession of the Yangtze Valley. When developed in shale 
facies it is known ag the PAOAN SHALE or the horizon of Gastrioceras 
(Girtyites) zitteli, This association of goniatites has made it possible 
to correlate this zone with an horizon in the upper Wushan limestones 
of the Yangtze gorges at Ichang, in which two rather imperfectly 
preserved shells’ of Anderssonoceras anfuense have been found, 
Though much worn, these show the charactoristic yentro-lateral and 
umbilical angulations of the species. This horizon lies about 1100 
meters above the kase of the limestone series, or about 1000. meters 
above the top of that portion referable to the Chihsia (Dinantian) 
horizon, or 400 meters above the Oldhamina beds of the. gorge 
limestone (see Section I, Plate V). 

Gastrioceras (Girtyites) liwi Grabau is placed Fin, ihaic genus 
because of the existence of spiral strise in the outer portion of the shell. 


These, however, are not always shown, for the spiral portion which 
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occupies a very definite part of the shell, is frequently not preserved 
so that only the inner part of the shell is shown. This is probably 
the part which Frech has referred to the genus Paraceltites (Frech 
IX, 32 (6) p. 190). He describes it as Paraceltites pseudoopalinus 
because of the general resemblance of the shell to Ammonites (Harpo- 
ceras) opalinus of the Jura. In Fig. 302 a compressed specimen of 
this shell is shown in natural size and to this has been added a section 
of the spiral portion from another individual in the same bed which, 
however, only shows the inner part incompletely. Nevertheless it is 
clearly seen that the two parts belong together, for the growth lines 
can be traced from the smooth or non-spiral part into the spiral part. 
Nothing is known of the suture, and the species differs moreover from 
Girtyites and Gastrioceras in the absence of the ribbing on the inner 
whorls and in the very pronounced involution. It may be necessary 
to separate this in the future under a new generic name. Frech 
obtained his shells from the Ning-Kwo-Hsien district of southern 
Anhui, which is in the same general region as the other localities 
from which these shells haye been obtained. Glyphioceras anfuense 
(Fig. 301) is placed in the new genus Anderssonoceras* Grabau, 
which is characterized by the angulation of the ventro-lateral as well 
as the inner or umbilical margin of the shells. Tho suture, however, 
is typically Gilyphioceran in type. The genotype A. anfuense is 
characterized by a very gently convex venter with a median ridge, and 
by the very pronounced elevation of the umbilical angulation, this 
projecting strongly beyond the upper angulation and producing a deep 
umbilical depression. When crushed, the form can be recognized by 


the relative position and spacing of the angulations. 


* In honor of Dr. J. G. Andersson, the noted Swedish geologist and Mining 
Adviser to the Chinese Government, who has contributed so much to the material in 
this volume. 
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In nearly all localities in which @. zittei, G. iui or A. 
anfuense have been found, they occur in beds either intimately 
associated with, or a short distance below, others which carry the 
Gigantopteris flora. In the only locality where this has been specific- 
_ ally identified in association with these goniatites, z.¢., in the Taochung 
mining district of Anhui (Hayasaka IX, 50) the species is G. 
dentata Yabe, the stratigraphically higher of the two Species known 


from China. ° 


The PgIcHigN FORMATION of Kinshan, north-west Hupeh, 
corresponds to the Hsuanchin coal series and the overlying Paoan 
shale with Gastrioceras, etc. These beds are argillaceous sandstones, 
somewhat shaley and fossiliferous. The shells of a small Reticularia 
lineata are abundant but generally much crushed. Occasionally they 
show the fimbriate character of the surface. The most characteristic 
fossil however, is a species of Agathiceras to which the name of A. 
kinshanense Gr. (sp. nov.) has been given. This shell is involute and 
non-umbilicated and is characterized by spiral lines which cover the 
entire surface. These spirals are narrow and sharp and separated by 
wider interspaces. The distance between the crests of 5 spirals is 3, 
millimeters. The aperture of what must be regarded as the adult. 
represented in our collection by a fragment, shows a dying-out of the 
spirals, the outer margin being smooth. In the impression of these 
spirals there appears a small pit near the outer end of each spiral, 
suggesting a node. The side of the aperture is prolonged into an 
auricular appendage, above which there is a second long and narrow 
blade-like extension about 1.5 millimeters wide at the broadest end, 
and marked by a median ridge. This blade is not fully preseryed but 
extends at least 15 millimeters beyond the edge of the shell above it, 
while the ear next below projects about 5 millimeters beyond the same 


point, having a maximum width of 2 millimeters. 
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Associated with this goniatite are small specimens of Car- 
bonicola wangsowent Gr., about one-half the size of the shell found in 
the -Huk’ou shale of Fukien (see below). Another characteristic 
species of these sandy shales is a small Conularia, provisionally 
named C. simplicosta Gr. (sp. nov.). It is flat-sided with only a faint 
impression of the median line, which does not interrupt the transverse 
costse. These are smooth, not ornamented, straight and number 28 
in 5 millimeters. The shell tapers at the rate of 1.10 millimeters in 
10 millimeters, the greatest width of the side observed being 4 
millimeters, 

The same horizon is represented by the TAocHUNG FORMATION 
of Ch’ang-Lung-Shan, in the Tao-Chung mining area of Fan-Ch’ang- 
Hsien, in Anhui (Locality 703). Here the iron ore underlies the 
quartzite and is in turn followed by thin sandstones. Some distance 
above this lie thin yellow-gray mud rocks (No. 5 of section, Fig. 27, 
p. 220 Tegengren 56), which carry a fauna formerly referred to the 
Loping horizon but now known to represent the Paoan or Gastrioceras 
zone at the base of the Upper Permian. This bed carries a large 
species of Agathiceras here named A. tegengrent Gr. (sp. noy.). The 
young of this shell is apparently of the same character as the half 
grown shell of A. kinshanense. The spirals of the adult, however, 
are about 2 millimeters apart on the side and one millimeter on the 
venter and they are about twice the height and thickness of those of 
‘the young shells. In a crushed fragment of a very large shell (from 
8 to 9 centimeters in diameter) which is believed to belong to this 
‘species, the spirals of the outer whorls are rounded ridges one milli- 
meter in width and separated by concave interspaces 2 millimeters in 
‘width. Here again, however, they become very crowded on the 
venter, being about half the size and half the distance apart. Another 
fragment which may helong to this species or to a related one, shows 
& maximum distance from ridge to ridge, in the center, of 5 millimeters, 
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rapidly decreasing outward to 4 millimeters and finally to 3 milli- 
meters. Between the spiral ridges are broad, shallow, concave inter- 
spaces. Transverse wrinkles or convex ribs, 2 millimeters or more in 
width, cross these spirals, forming with them incipient nodes. These 
wrinkles are separated by interspaces 2 to 8 millimeters in width, 


widening outwards. 


Associated with these goniatite shells are a few brachiopods 
among which the following have been identified: Productus kiang- 
suensis Chao, Marginifera lopingense Chao, Chonetes sp. Hayasaka. 
reports the occurrence of Gastrioceras (Girtyites) zittelt in this 
region, about 140 meters below the beds with Gigantopteris dentata, 
in what is probably the same formation (see ante p. 368). These 
goniatites, therefore, all serve to indicate the Paoan Formation at the 


base of the Upper Permian, 


In the Chian region of south-west Kiangsi, the Gastrioceras 
horizon is followed disconformably by Rhetic or Lower Jurassic 
coal-bearing beds, but in the Yangtze valley the goniatite horizon is 
succeeded by variable thicknesses of thin-bedded, sparingly fossiliferous 
limestones. In south-east Hupeh (Sect. II, Plate V) this is the 
Taye limestone 500 meters thick, while a similar limestone (upper- 
most Wushan in the Yangtze gorges) reaches a thickness of 750 
meters (Section I). In north-west Kiaagsi (Sect. III) where the G. 
zitteli zone hag not been differentiated, a thin-bedded limestone series 
with chert at the base, which overlies the Laohu coal series, is about 
400 meters thick, and has been named by T. C. Wang the PrtsHan 
limestone. It has furnished Productus sinensis Frech, .a species also 
found in the Hsuanchin coal series of south-eastern Anhui (Sect. IV). 
Besides the brachiopods there are many highly specialized Foramini- 
fera referable to Schwagerina and other genera. These have not been 
studied, — 
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The equivalent of the Tayeh and Peishan limestones is found 
in the Shipi limestone of south-east Anhui (Sect. 1V), which has a 
thickness of 400 meters or more, and so far hag furnished no fossils, 
In the Nanking hills the same series appears to be represented by the 
Chinglung limestone which overlies the Lungtan coal series. This has 
so far furnished only Fusulinoids and Schwagerinoids, which have 
not yet been studied, and exact correlation is at present not possible. 
In the east Chekiang, and in the Chian sections of south-western 
Kiangsi (Sections VI and VII), this limestone is absent either through 
non-deposition or because of subsequent erosion, Jurassic or Rheetic? 
sontinental beds resting upon the earlier marine Permian strata. 

Returning now to the southern border of the Permian geosyn- 
cline of south China, we must next consider the famous Leipakou 
coal basin of Hunan which lies about 75 miles due west of the Chian 
section of south-west Kiangsi. This is the locality from which 
Gigantopteris nicotinzfolia was first obtained, as already discussed on 
page 388, but it may here be reiterated that the shales which carry 
this flora lie directly upon the older crystallines, and were therefore 
deposited along, and outside of the southern border of the geosyncline. 
Occasional flooding of the low land of this region is indicated by the 
occurrence of beds with marine fossils, chiefly peleeypods The 
following species have been described by Frech from these beds: 
Pseudomonotis radialis Waag., Aviculopecten coxanus Shum. var. 
sinensis Frech, Leda preacuta Waag, Nucula beyrichi Schaur., 
Pleurophorus subovalis Waag., P. cf. acuteplicatus Waag., Schizodus 
pinguis Waag., S. compressus Waag., Asturte ambiensis Waag., 
Allorisma cf. subelegans Meek, Edmondia cf. nebrascensis Gein., E. 
tiessent Frech, Bellerophon sp. Brachiopods are entirely absent, pro- 
bably because of the facies of the sediment, which only favored the 
existence of more or less dwarfed pelecypods. The species which have 
heen specifically determined all occur in the upper Productus limestone 
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of India and the horizon therefore, probably represents the latest 
marine Permian of this region. 

Beds carrying the Gigantopteris flora appear to be widespread 
over south-eastern Kiangsi, extending to the Fukien border. In 
western Fukien (Changting section) the Upper Permian appears to be 
largely represented by non-marine river flood-plain and lacustrine 
deposits, though, as already noted, a bed filled with an elongated form 


a) 
Fig. 808. Fresh-water pelecypods of the Upper Permian (Hukou shale) of 
Fukien province. a-b, Carbonicola wangsoweni Grabau; a, left and 
b, a smaller right valve more truncated posteriorly than usual 
(cat. 728, 729); c-d, Anthracomya wardiformis Grabau; ¢, left, d, 
right valves (cat. 780, 781); e. Anthracomya modiomorphoides Gr. 
right valve (cat, 785). All nat. size. 
of Productus cora var. fukienensis Chao, occurs in this region. There 
is also a limestone full of fusulinoid and schwagerinoid Foraminifera, 
which probably marks the highest marine Permian of the region, 
though the exact position of this bed has not been ascertained. A 
preliminary section made by Mr. S. W. Wang of the Survey, shows 
the granite of the Changting region to be succeeded by shaley slates 
500 meters thick, followed by quartz sandstones also 500 meters in 
thickness. These in turn are followed by sandstones and later by 
conglomerates, each 100 meters in thickness. Above the conglo- 
merate, which sometimes forms the cores of eroded anticlines, follows. 
a soft dark to black shale, Hux’ov sate, which at certain levels 


abounds in fresh water pelecypods of the genera Anthracomya and 
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Carbonicola, genera which are typical of the fresh-water Coal Measure 
shales of Great Britain and other parts of western Europe. The most 
common form is Anthracomya wardiformis Gr (sp. noy.) (Fig. 3038 
e-d). This has the general form and proportions of A. wardi Salt. 
from the Upper Coal Measures of Great Britain, though being some- 
what narrower in the posterior end, a feature unusual in this genus. 
It is, however, truncated posteriorly as is usual in types of the species 
of this genus, and has a strongly wrinkled periostracum. Anthra- 
comya modiomorphoides Gr. (sp. noy.) (Fig. 303-e) is a rare form, 
_ .being shorter, with the posterior end high, the umbonal ridge rather 
strong and the oblique posterior truncation well marked. The beak is 
near the anterior end (in anterior 5th) and the periostracum is 
strongly wrinkled. The genus Carbonicola is represented by several 
species, most common among which is C. wangsoweni Gr.* (sp. nov.) 
(Fig. 303 a-b). This has the general character of OC. turgida 
(Brown) of the British Coal Measures, but is less inflated and less 
narrow posteriorly. The posterior end, as is common for this genus, 
is rounded, though not so pronouncedly as in some other species, and 
the umbonal ridge is slightly developed. Another species is Carboni- 
cola ovalis Gr. (sp. nov.), which is elongate oval with the beak at or 
near the center and the length slightly less than. twice the height. 
The beaks are not prominent and the ends are rounded, the posterior 
somewhat more abruptly than the anterior. This species is small, the 
length ranging from 13 to 14 mm. and the corresponding heights 
from 7 to 7.5 mm. Another species is short and round and it igs 
provisionally compared with Carbonicola subrotunda Brown of the 
English Coal Measures. At one locality, which represents probably a 
slightly different horizon, shells of Ustheria fukienensis Gr. (sp. nov.) 
abound. ‘These are of about the same size and proportions of EF, 


* Named afler Mr. Wang-Sow-Wen, who collected these fossils, 
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po-tlocki Jones from the Permian of Great Britain. A typical 
specimen is 7 ‘mm. long, 4:50 mm. high and has the beak in the 
anterior third, though this is not pronounced. ‘The hinge: line is 
straight, a little more than half the length of the shell, The surface 
js characterized by narrow, sharp concentric ridges, separated by 
broad concentric interspaces. Tn the umbonal part there aro from six 
to seven of these‘ridges to one millimeter while:in the lower part 
there are usually only about four to one millimeter. -There “is the 
same variation in the proportional length and width, and in some 
specimens the beak appears to be nearer to the anterior end, but T dé 
not think that more than one species is represented. There are many 
fine vertical wrinkles: between the concentric ridges, and the lower part 
is commonly marked by coarser transverse wrinkles due to compression: 
Associated with this shell are specimens of Carbontcola stein i 
Gr. and Anthracomya wardiformis Gr. Marnie: 
As before noted, the Productus bed of this region is probably 
to be regarded as lying within this shale series, marking a temporary 
widespread inundation of the region by the sea from the Permian 
geosyncline. As these marine fossils are found in a totally different 
section from, though in the same general region with, the Anthra- 
comya beds, no definite cqgrelation can be attempted. “The Huk’ou 
shales are said to be succeeded by 300 meters of limestone without 
fossils, which may perhaps be the same formation which elsewhere int 
this region has furnished the Fusuline, etc. If that is the case, this 
limestone probably corresponds to the Tayeh limestone of the Yangtze 
section and was formed within the same period of wide transgressior 
of the waters of the geosyncline over its borders at the close” of 
Permian time. . oo P sensi sepa 
“One fact of importance must be noted and that is the assodias 

tion of numerous trunk fragments, branches and leaf-i -impressions “of & 


new form of Neocalamites (N. fukienensis Chow) with the pelecypods 
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Anthracomya and Carbonicola, these and the plants not infrequently 
occurring in the same hand specimen. The Neocalamites is related to 
N. hoerensis (Schimper), which was originally placed under Schizo- 
newra and described from the Rhetie of Sweden. It is also very ¢lose 
to Schizoneura carrerei Zeiller(Zeiller [X-116, p. 187, pls. 86-38) from 
the so-called Rheetic of Tonking. This suggests a very late Permian 
age for these strata. It is not believed that they are post-Paleozoic 
because of the associated pelecypods which have a distinct late 
Palzozoic aspect. Moreover, plants of the type of Neocalamites and 
referred to the genus Schizonewra, have been found not only in the 
Gondwana flora of India and western China, but also in the late 
Paleozoic beds of the Kusnezk basin in northern Siberia (seo ante p, 
397). Again, if the Fusulina limestone of the west Fukien region 
overlies the Huk’ou shale (and there appears to be no other position 
which it can occupy in the series) the Permian age of the pelecypod 
shales is indicated. On the whole, they prokably represent the 7 
continental equivalent of the Fénglicn beds of south-western Kiangsi, 


South-West China. 


(Yunnan) 


An important locality of Permian fossils in western Yunnan 
is Ta-li-shao, a hamlet about 12 miles N.E. of Yung-chang-fu and 4 
miles south-west of the nearest point on the Mekong River, Its 
location is approximately Long. 99° 22’ E., Lat. 25° 15’ N. (Coggin 
Brown 8). In this region the older limestones (Ordovician, etc.) 
are followed by decomposed andesitic and diabasic lavas and tuffs, and 
near Ta-li-shao by fossiliferous calcareous shales and limestones, 
From these Loezy had obtained a series of fossils which were, however, 
incompletely identified specifically. He obtained his fossils from the 
yellowish-gray micaceous sandstone inter-bedded with compact bands 
of bituminous limestone, which furnished badly preserved specimens of 
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_Productus (aff. latirostratus Howse) and Spirifer cf. alatus Schloth. 
(Loczy VII-25 p. 204). Coggin Brown obtained a larger collection 
of fossils from these beds which were identified by Cowper Reed (45) 
who gives the following list: AnrHozoa: Michelinia yunnanensis 
Reed (sp. nov.), Syringopora? sp., Zaphrentis three species; CRINOIDEA: 
Potertocrinus ef. maschatensis Roman, P. sp., Crinoid stems 4 types; 
Bryozoa: Fenesiella asswumpta Reed (sp. nov.), I’. elusa Reed (sp. 
nov.), Rhombopora? sp., Thamnicella orientalis Reed (sp. nov.), 
Acanthoclema? sp., Geinitzella sp.; BRacHiopopa:  Orthotichia mor- 
ganiana (Derby), Derbya cf. grandis Waag., Productus semigratiosus 
Reed (sp. nov.), P. tenuistriatus de Vern., P. cf. cancrini de Vern., 
P. cf, cora d’Orb., P. ef. plano-hemispherium Netsch., P. (Pustula) 
pustulatus Keys., P. (Pustula) abichi Waag., P. (Pustula) waagent 
Rothpl. var., P. sp., Strophalosia proxima Reed (sp. noy.), Chonetes 
pseudovariolata Nik, var. nov. yunnanensis Reed, C. molengraaff 
Broili, C. cf. geinitziana Waag., C. aff. transitionis Krot., Athyris 
(Cleiothyridina) roissyana Keys., A. cf. timorensis Rothpl., A. 
(Actinoconchus) sp., Spirifer fasciger Keys., S. fritschi Schellw. var. 
nov, peregrina Reed, S. rajah Dav., S. schellwient Tschern. var., S. 
aff, carnicus Schellw., S. cf. tastubensis Tschern., S. ef. varuna Dien., 
Spirifer (Martinia) cf. simensis Tschern., S. (Martinia) bellistriatus 
Reed (sp. nov.), S. (Martiniopsis) talishaoensis Reed (sp. nov), S. 
(Martiniopsis) cf. chidruensis Waag., S. (Martiniopsis) sp., Reticula- 
ria sublineata Reed (sp. nov.), Notothyris? sp., Camarophoria aff. 
purdont Dav., Rhynchopora? emerita Reed (sp. noy.); PELECYPopa: 
Aviculopecten hiemalis Salt. var. noy. alta Reed, A. cf. deprati Mans., 
A, aff. kokscharovt de Vern., Palxolima scabrosa Reed (sp. noy.), 
Modiola yunnanensis Reed (sp. nov.), Parallelodon (Macrodon) cf. 
multistriatus Girty, P. (Macrodon) cf. tenuistriatus Meck, Conocar- 
dium aff. rouxt Mans.; Gasrropopa:  Pleurotomaria? sp., Bellero- 
phon? sp. Reed, following Tschernyschew, refers this fauna to tho 
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Permo-Carboniferous, considering it essentially equivalent to the Middle 
Productus limestone. According to the classification here adopted, 
this is regarded as Middle Permian and this is in accordance with the 
faunas of China and Mongolia. The succeeding Permian horizons are 
represented by continental Red Beds. 

So far as we now know, the region between the Salween and 
Mekong rivers contains only marine Middle Permian (Middle Produc. 
tus limestone horizon), the later Permian being represented by con- 
tinental red beds. The Permian beds rest apparently upon the 
Dinantian with a disconformity between, no representatiy es of the 
Taiyuan series, or the higher Carboniferous and early Permian being 
present. . Some of these are, however, found farther east in. the 
-Yunnanfu region. 

What may eventually prove to be the formations deposited in 
an invasion of the south Chinese region by waters from the Indian 
Ocean in early Permian time, are found in the region around Yun- 
nanfu. In the cliffs bordering lake Tang-Tsung, about 20 miles east 
of Yunnantu, limestones overlying the Dinantian and Taiyuan series, 
probably with a disconformity, carry, what Reed - following Deprat - 
classes as an Upper Carboniferous fauna, though Frech refers these 
upper Uralian beds of Deprat to the Lower Permian (see ante, p. 
297). West of the northern end of the lake, where the. road from 
Tang-Chi crosses these outcrops (abt. Long. 103° H., Lat. 24° 58’ N.), 
the following species, identified by Reed (45, p. -318) were obtained 
by,. Coggin. Brown (7, p- 107). Foraminirera: usulina sp., 
Endothyra sp., Cribrospira sp.; Portrera: Renierta sp., Haplistion 
SP+y Sollaria cf. dussaulti Mans. ; ANTHOzoA: Araeopora ramosa Waag. 
& Wentz., Menophyllum? sp.; BRacutoropa: Rhipidomella aff. 
pecosi Marcou, Spirigerella subtriangularis Reed (sp. nov.), Martinia 
tangchiense Reed (sp. nov.) ; Gastropopa: Microdoma?. parvituber- 
culata Reed (sp: noy..), Naticopsis sp. Fifteen miles farther north at 
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Yanglin (Long. 103° 7’ E., Lat. 25° 13’ N.), these beds have 
furnished Fusulina sp., Endothyra sp. and Raniera? sp. 


Beds of this Lower Permian (upper Uralian?) series are well 
developed in the vicinity of Yunnanfu. About 10 miles*south. west of 
Yunnanfu, at Tzu-mén-lu (Long. 102° 36’ E., Lat, 24° 58’ N.) 
isolated outerops of hard bluish-gray limestone carry Neoschwagerina 
craticulifera (Schwager) (Fig. 214, p. 296),-and Fusulina cf. 
montipara Ebrenb. The former is a typical zone fossil of the late 
Lower Permian (Upper Uralian of Deprat, see table p. 297). A short 
distance to the south-west, these beds are succeeded by the continental 
Permian red beds. 

The Neoschwagerina horizon is again found at Pu-erh-fu on 
the Black River (Pa-Pien-ho) about 50 miles east of the Mekong 
(Long. 101° 3’ E., Lat. 23° 5’ N.). Here limestones underlying the 
Red Beds and apparently resting unconformably on the older Palsozoic, 
have furnished the following fauna of Foraminifera etc. (Coggin Brown 
10, p. 8319, Cowper-Reed 45, p. 318): EHndothyra sp., Valoulina sp., 
Bigenerina sp., Fusulina sp., Climacammina? sp., Trochammina? sp., 


Neoschwagerina sp., Geodites sp. 
North China. 


The only representative of the marine Permian formations 
yet known in northern China is that of the Shansi horizon, already 
discussed at some length in the preceding chapter. This represents 
the invasion of north China at the beginning of Permian time, while 
south and central China were still free from marine waters. The 
Shansi formation is, so far as we know, not found in southern China, 
nor are the Loping and later Permian marine horizons found in 
northern China. The Shansi series represents a distinct invasion of 
north China from the mid-Asiatic waters through Sinkiang and the 
Nanshan geosyncline of Kansu. The extent of this invasion was less 
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than that of the Taiyuan invasion of north China, though the number 
of known sections is as yet comparatively small. Ay in the case of the 
Taiyuan region, the easternmost section for the Shansi series is in the 
Kaiping basin of eastern Chihli, where the Shansi series contains many 
coal beds, as already noted, with only a few thin marine members in 
the lower part. The chief one is the Chaokouchuang formation, which 
overlies coal bed No. 13, and the total thickness of which is not over 
halfa meter. This clearly shows that the Naiping region lies near the 
eastern border of the Shansi basin and that the Chaokouchuang 
formation represents only a temporary invasion of the coal swamp 
region by the sea from the west. On the north the horizon of the 
Shansi series has been discovered by Péres Teilhard de Chardin and 
Licent, some distance north of Kalgan and south-west. of Delonnor, 
(approximately Lat. 41° 30’ N., Long. 115° E.). About 300 miles 
south of this, in the Liuhokou coal field of northern Honan, we have 
reached the southern boundary of the basin, for here the marine 
members are entirely absent from the Shansi.formation, which over- 
lies the Taiyuan series with a thickness of 260 meters. The Taiyuan 
series itself still has some marine members, as previously noted. In 
central Shansi, Taiyuanfu region, the Shansi series contains only one 
marine member, the Tungtayao limestone, 372 meters in thickness 
(see ante p. 372). 100 miles north-west of this, however, we meet 
with a greater development of the Shansi series in north-western 
Shansi (Pao-Te-Chou region) where the main coal seam is succveded 
by the Paotechou limestone 10 meters in thickness, followed by the 
Tumen formation 14 meters in thickness. Both of these are richly 
fossiliferous and from them we have obtained our principal repre- 
sentatives of the Shansi fauna of north China. About 400 miles west 
‘of Taiyuanfu, in the little known area on the: south of the: Alashan 
range in Kansu, and some 50 miles north of Lanchoufu, we: meet 
“with a remarkable development of the Shansi series in the: TaLaPar 
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FORMATION. This is the highest marine formation of the region and, 
as shown in sections further west, is included in continental beds, 
which disconformably overlie the Taiyuan series. In the section from 
Sohanpu to Ta-La-Pai, about 60 kilometers in length, these beds are 
exposed in very regular anticlines and synclines (fig. 8304). Accord- 
ing to Wong and Hsieh, the series in descending order comprises the 
following members. 


NE. Sw 
g se yk. 
So-Han-Pu Ta-La- Pai 
Dip abt 20° ip 60°70" 
a ak a 


RaimbM aro utd trmartin carder onda 
Unconformity 
C. Conglomerate (Mesozoic?) 200-300 meters, 


C. ConcLoMERATEs, probably Mesozoic...200 to 300 meters. 
Unconformity 

B: 'TALAPAL FORMATION,......00) cseseeveeseeseese, L000 meters. 
White and reddish sandstones, often coal-bearing 
with layers of fossiliferous limestone and black shale 
near the coal (for species see below). 

A. SOHANPU FORMATION, exposed................. 600 meters. 
Red shales with some sandstone beds rich in 
gypsum. Base not exposed. 

The falapai series (B) as exposed near Ta-La-Pai, Hung- 

Shui-Hsien, contains, according to Mr. Yuan,* a series of marine 


* The ful} details of these sections will be published soon by Mr, Yuan. 
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fossils and plant remains, these often occurring in the same bed. 
These fossiliferous beds are only about 12 meters thick ‘and occur in 
the middle of a great sandstone series, being interbedded with coal 


seams. Small nodulcs of gray limestone contain numerous young 


porn 


- Ns, 


Fig. 305. Gastrioceras wongt Grabau Ef to. from Kansu. Young; a-d, side 
and ventral views x14 and ¢, suture enlarged; d, section of adult, 
natural size. 

shells of a goniatite here named Gastrioceras wongi Grabau sp. nov. 
(Fig. 305) but only imperfect fragments of the adult shells. With 
this occurs - Productus hemisphericus . Kutorga and» Trepospira? 
_kansuensis Gr. The black shale also contains numerous young speci- 
“mnens of Gastrioceras wong besides a~ great abundance-of-pelecypods, 
among which Pterinopecten papyraceus -(Sow:');* Posidoniella ‘yuani 
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Gr. P. cf. -pyriformis Hind and. Aviculopecten kansuensis Gr, as well 
as the brachiopod Lingula credneri are the dominant forms, 


Summary of the Fauna. 


(1) Gastrioceras wongi Gr. (sp. nov.) (Fig. 305). This 
is of the type of G. carbonarium with nodes on the inner margin but. 
with an angular sloping suture-wall and flattened sides in the adult. 
It is also more closely involute than the European species. The suture 
of the young is like that of G. carbonarwum, of which this species 
appears to be a derivative. No spiral striz are shown on the surface 


fas in Gastrioceras josse of the Artinskian of Russia, another form to 
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Fig. 306. -Productus hemisphxricus, 3 views. After Netschajew. 


PUBLIC LIB 


which our species is rather closely allied. There aro occasional 
coustrictions. The last whorl has the inner sutural angle abrupt and 
without nodes, which are confined to the young. Occasionally, 
however, strong distantly-spaced tubercles occur with nodeless spaces 
of some length between. In the young the nodes extend as ribs to the 
suture but only a short distance beyond the umbilical angle. Adult 
shells of this form seem to. be very rare but the young are common, 
haying apparently been carried by floatation into these sediments. 

(2) Productus hemisphericus Kutorga (Fig. 306). This 
typical Russian Permian species is represented by a single specimen 
in our ‘collection, this. haying been ‘obtained from the limestone 
nodules.» - ; dracel* 

(3) ° Dicenpenired Panag Gr. (sp. nov. ) This is a ta 
spired. shell with faintly impressed sutures and with numerous fine, 
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slightly forward-bending riblets below the suture, these dying away 
outwards, occupying about one-third the width of the shoulder in the 
young but one-fourth in the adult. The band is wide and situated 
just above the shoulder angle, being partly covered by tho succeeding 
whorls. Tho slit is short. Internal moulds ribless. Only 4 specimens 
of this rather striking species have been obtained. 


(4)  Plerinopecten papyraceus (Sowerby). This characteris- 
tic shell of the European Upper Coal Measures is represented 
abundantly in the black shale of the Talapai formation, the specimens 
being indistinguishable from the characteristic European forms. 


(5) Posidoniella yuani Grabau (sp. nov.). This is closely 
allied to P. vetusta Sow. of the Carboniferous limestone of England, 
Belgium, Russia, etc. but as a rule is of less average size, and the 
concentric wrinkles are less regular. Tho specimens are usually 
compressed and as a result, often show radiating lines or folds which 
are very irregular, though at first they might be mistaken for radial 
ornamentations. This shell is very abundant at certain horizons, 


(6) Posidoniella cf. pyriformis Hind. A small smooth 
species with fine concentric wrinkles appears to be closely allied to P. 
pyriformis of the Carboniferous limestone of England, although it will 
probably prove to be a distinct species. It is abundant at certain 
horizons, associated with Lingula credneri. 


(7) Aviculopecten kansuensis Gr. (sp. nov.). This is a 
rather small species. The left valve is moderately convex, both ear 
and wing well marked, the latter projecting in an acute angle. The 
posterior shell-margin is strongly oblique and the hinge is shorter 
than the width of the shell below. When not flattened, the height is 
greater than the antero-posterior length. The surface is characterizod 
by sharp, thread-like radiating lines, far apart and with occasional 
intercalations. These radii are cancellated by sharp, concentric lines 


Palzozoie Supplement. 497 


which are equidistant but less pronounced than the radiating lines. 
The ear-and the wing cenerally have fewer: radiating lines but the 
concentric lines are very pronounced. The right..valve has a rather 
pronounced excavation below the anterior ear and is smooth or finely 
wrinkled concentrically, but the ear and wing have sharp regular 
concentric striz, while radiating strize are sometimes pronounced on 
the ear but less so on the wing. In form and general appearance, 
this shell resembles somewhat A. lossent von Koenen of the Pendleside 
series of England and the Culm of continental Europe, but it is 
smaller and has much sharper, more distantly spaced stris2, and more 
pronounced equidistant concentric lines. This,shell is common in the 
black shale. ; “ ome eae 

(8) Lingula credneri Geinitz. This characteristic Permian 
species of Europe (also found in the Carboniferous of England) 
appears to be well represented in the Talapai shales. Our shell 
agrees very closely with the one figured by Davidson on plate 48, fig, 
89. The average length of our specimen is 6 millimeters. It is 
associated with Posidoniella cf. pyriformis and P. yuant. 

The revised stratigraphic succession of the marine Permian, 
as now recognized for central and north China, is as follows in 
descending order. (See Correlation Table, Pl. VI). 


PERMIAN AND DINANTIAN OF CENTRAL AND Norrit CHIna 


Superformation-— Usually Rhetic coal series 
. Hiatus and Disconformity 
PERMIAN 
TAYEH LIMESTONE 
PAOAN SHALES (Gastrioceras shales) 
FENGTIEN SERIES (in part equivalent to, or including, 
Paoan shales and Hsuanchin coal, 


HsIAOCHIANG LIMESTONE (Orthothetes ting? zone).. 
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' CHANGSING LIMESTONE (Oldhamina horizon) 

Lopine FORMATION (Lyttonia richthofeni horizon) 
SHANSI SERIES (North China) 

Disconformity 

DINANTIAN 
TalyuaN Series (North China) 
CHIHSIA LIMESTONE Viséen (Central China) ; Cuon1uxou 
LIMESTONE (IXansu) 
Hiatus and Disconformity 


SuBForMatTion: Silurian sandstones and shales 


SumMMaryY OF PERMIAN PALMOGEOGRAPHY. 


(Maps, Plates III and IV). 


The details furnished by the sections discussed in the fore- 
going pages enable us to see with greater clearness than heretofore, 
the progress of events in the geographic development of China during 
the closing epochs of Paleozoic time. After the final retreat of the 
waters at the end of the period in which the Taiyuan strata were 
deposited, the whole of the Chinese territory appears to have become 
dry land and remained so during the greater part, if not the whole, of 
Moscovian and Uralian time. If, as has been stated elsewhere, the 
lower Productus limestone of the Salt Range represents the early 
Upper Carboniferous, 7.e., Gschellian, it marks a temporary readvance 
of the sea in the Himalayan geosyncline after a long period of non- 
deposition, which began with the withdrawal of the waters at the end 
of Dinantian time. There is at present, no reliable evidence that 
Moscovian time is represented by marine strata in southern and 
eastern Asia. None are positively known from the Himalayan geosyn- 
cline, from the Chinese basin or from the Mongolian geosyncline, 
The readvance of the sea in Gschellian time, if it took place, seems to 
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have been limited to the Himalayan geosyncline but it may also have 
extended into south-western China and perhaps into Indo-China. 

The first invasion of the Permian sea into China seems to 
have been restricted to north China (Pl. III), where it is indicated by 
the marine beds intercalated between the continental systems of the 
Shansi series.. These invasions proceeded through the Nanshan 
geosyncline, as shown by the Kansu sections. The fauna preserved 
in the Talapai shales has a decided west European aspect, while 
typical Permian forms of the Russian basin are also present. (See 
also ante, pp. 403-404). This invasion corresponds approximately to 
the Artinskian period of the Russian Permian, an horizon which so 
far as known, is wholly unrepresented in the deposits of the central 
part of the Mongolian geosyncline or in those of south China, though 
certain forms in the Yunnan succession have been referred to the . 
Lower Permian. If these actually belong to this horizon and if, as 
appears to be the case, the Lower Permian is absent in the Himalayan 
geosyncline, the Lower Permian beds of south-west China must be 
regarded as representing an independent invasion from the Indian 
‘Ocean of this period. The Shansi series is, however, independent of 
it and represents an invasion of the north European waters. 

By the close of the Shansi period the sea had permanently 
withdrawn from the north Chinese basin where continental sedimenta- 
tion however, continued. These continental beds have already been 
described on page 371 and it was there shown that they indicate a 
progressive desiccation of the north China region, until it became a 
desert basin similar to the Taklamakan basin of present day Sinkiang 
province. 

Meanwhile, at the opening of mid-Permian time, the sea 

filled the south Chinese basin and the Mongolian geosyncline (Pl. 
IV), the invasion most probably proceeding from the south and the 
east, 7.¢., from the Indo-Pacific province, which was the home of the 
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Lyttonia fauna. This is clearly shown by the occurrence of this fauna 
not only in the coastal region of the Asiatic borders of the Pacific, 
7.e., Japan, the Maritime Provinces of Russia, Indo-China, etc., but 
also in south-western North America, 7.e., the Guadaloupian region of 
Texas, which was an embayment from the Pacific Ocean of. the 
period.*. 

It is most probable that this fauna entered the Chinese basin 
from the south, from Indo-China, spreading northward and eastivard 
in the Tsingling and Loping geosynclines, the latter of which opened 
to the Pacific in the region of the modern Yangtze mouths “seo map 
Pl. IV). It is of course, possible that a part of the fauna entered the 
Loping geosyncline direct from the Pacific opening on. the east, though 
the comparative narrowness of that water-way may have made this 
more difficult. From south China this fauna spread westward in the 
Himalayan geosyncline where it is represented in the middle Produc: 
tus limestone. _The westernmost extension is seen in the Mediter- 
ranean. region of southern Europe, especially in the Bellerophon 
limestones of the Alps and Italy. In the southern Alps tho ‘Bellero- 
phon limestone carries an abundant fauna which is clearly of the 
Indo-Pacific typo. Hero oceur Richthofenia aff. lawrenciana de Kon., 
Productus indicus Waag., P. abichi Waag., Marginifera ov.lis 
Waag., Lonsdaleia indica Wiese! & Wentz. etc. (Shellwien and 
Kosmat 48). 

That this fauna was of Indo-Pacific origin can scarcely be 
doubted, not only because of its wide extent in that region, but also 
‘because of the distinctness of the faunas of the other centers of 
distribution. True, we know practically nothing of the Permian 
fauna of the Atlantic basin, but there seems little likelyhood that the 
Lyttonia fauna originated in that basin and migrated eastward. If 


; * See the Paleeogeographic map of North America. Grabau, Text Book of Geo- 
‘logy, Vol. 1I, p. 519, Fig. 1436: Vp RRS CAAT ah g ? 
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that were the case it would be more abundantly represented in the 
Mediterranean deposits. Moreover, no marine Permian is known from 
the Iberian peninsula or from north-west Africa and it is not improb- 
able that the Mediterranean basin was closed on the west by land. 
The presence of red sandstones and plant-bearing beds in that region 
further suggests such a condition, as does also the fact that tho Middle 
Permian continental beds generally lie unconformably on the older 
Palwozoic. These conditions extend to Andalusia, while in the Atlas 
mountains of Morocco a great series of red beds with plant-bearing 
strata rests discordantly on the Carboniferous or older Palozic 
formations. On the other hand, in the Pyrénées of the Ariége, in 
southern France, beds with a Lower Permian marine fauna like that 
of Sicily occur. These are shales 35 meters thick, and rest concord- 
antly on Upper Carboniferous strata, supporting in turn a sandstone 
and a new series of unfossiliferous green shales. The fossils in the 
calcareous nodules of these beds include ammonoids of the genera 
Gastrioceras, Daraelites, Paraceltites, ete. and other fossils, but all 
too poorly preserved for specific identification. 


The Middle Permian lies discordantly on the Lower, 
beginning with polygenetic conglomerates and red sandstones and 
comprising chiefly marls and red argillites. This series supports 
concordantly the Upper Permian, which consists of dolomites, lime- 
stones and black shales. This section resembles strikingly that found 
in the southern Alps. 


There is no conclusive evidence here that the Mediterranean 
basin opened to the Atlantic, though such a connection is not wholly 
excluded. If the land area was continuous on the west, then the 
Permian of Sicily and the southern Alps must have derived its fauna 
chiefly from Asiatic waters with, no doubt, some contributions from 
the Boreal sea on the north, 
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‘The Boreal. feareay wag of quite a Paifterenis ty pe, ‘as is “shown 
by the remains of ‘this fauna in the iiisstsn 1 deposits and in the 
Zechstein of north Germany, : 


It is. also probable that the Lyttonia fauna entered the 
Mongolian geosyncline from the Pacific on tho east. since this fauna is 
well represented in the deposits at the eastern end.of this geosy neline,. 
z.e., in the Vladivostok region (Fredericks, ie )*. Nevertheless, the 
waters of this geosy neline were in direct communication, with those of 
the Himalayan geosy neline ‘through the central Asiatic region, as is 
clearly shown by the abundance of types in common between the 
deposits of Jisu Honguer and those of the Salt Range, forms which 
are still unknown in the south Chinese. basin but are also found in 
Spitzbergen (Wiman, 63) and i in some of tho. higher “Carboniferous” 
beds of Russia. 


In Aenetteaitin, 9p sional to Frech (IX-30), only Lower 
Carboniferous and Permian marine beds are found. The relationship 
of the faunas of the latter to those of the:Lower Permian of Timor is, 
however, slight, and they apparently represent a higher horizon. 
Upper Carboniferous marine index fossils such as 7 usulina, Schwa- 
gerina, Enteletes, Meekella, Trachydomia and the_Spirifer mosquensis 
series, as well as crinoids and goniatites of that horizon, are SNUB) 
absent. 


So far then as our present knowledge of the Reamieya fauna 
of the northern hemisphere permits us to judge, ‘that fauna may be 
divided into two groups: the Boreal and the Pacific. The former 
spread over Europe in early Permian time and also entered the north 
Chinese region, where it constitutes the Shansi fauna. (It wag hows 


ever, apparently excluded from the Himalayan. geosyncline,’ from 


* A collection of fossils from these beds near Vladivostok is-now in ‘the author’s 
hands, and will be reported on in the near future. 
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south China and from-eastern Mongolia, these regions being dry land 
-at.that time. In mid-Perniian time, when the Boreal fauna extended 
into Europe in the Zechstein sea, the Indo-Pacific waters transgressed 
widely over southern Asia, entering the south Chinese. basin- and. the | 
_Himalayan -geosyncline.-and extending . westward into -the .Mediter- 

rancan basin. which apparently was closed on the west. In these 

south European regions tectonic ‘disturbances had affected the, Lower 

Permian strata,-and the Mid-Permian transgression brought a ‘wholly 

new fauna into this region, this being. primarily due-to. the, extension 

of the Indo-Pacific waters. The. transgression of the Boreal sea, 

however, permitted a certain admixture of types from that realm, and 

some of these no doubt also became intermingled with the Indo-Pacific 
fauna in the Asiatic region. ..The Boreal fauna was, however, largely 

_restricted to north Europe but it also extended into the Cordilleran 

_geosyncline of western North America while the Pacific waters, with 

their. distinctive faunas, transgressed only over a small area in south- 
. western America, i.e.; into the western Texas region.’ 

_. After the entrance of the mid-Permian, Lyttonia fauna ‘into 
the south Chinese basin, a gradual transgression set in, the waters 
spreading over the borders of the Lyltonia basin, thus permitting a 
progressive overlap of the successive beds of the Middle and Upper 
Permian, A temporary halt of this transgressive movement was 
effected at the end of mid-Permian time, when conditions for ,the 
formation of extensive coal swamps became widespread in southern 
China. This was the period of the formation of the main or Upper 
Permian coal of south China (Tanshan, Laohu, Lungtan — and 
perhaps the Leipakou coals). It was followed by a readvance of the 
sea with a wide distribution. of the Goniatites Gastrioceras (Girtyites) 
_ziltelt, a. liui, and Anderssonoceras. anfuense as.well as; species of 
Agathiceras. Whethor these are also of Pacific. origin or whether. they 
are modified Boreal types cannot at the present time be determined. 
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That they spread into the Mediterranean basin as well, is shown by 
the occurrence of some of them in Sicily, the southern Alps and the 
Pyrénées. Finally the Permian sea of south China became again the 
site of extensive limestone deposits as is shown by the great series of 
limestones which form the Upper Permian of the Yangtze valley 
(Upper Wushan, Tayeh, etc. limestones of the sections). These 
limestones are clastic rocks formed by lime-mud and sand, and not 
directly derived from organisms, but probably from the erosion of 
older limestones. These older supplying rocks may have been the 
Ordovician, Cambrian and Sinian limestones of the old-Jand of central 
China, but at present we can only assume this as a working hypo- 
thesis. 

Permian time closed in China, as everywhere else in the 
known world, with a complete withdrawal of the sea and the wide- 
spread development of continental conditions, with frequently accom- 
panying aridity of climate. Not only did the sea withdraw from the 
continental basins but from the continental shelves of the oceans as 
well, for this appears to have been the chief cause of the almost 
world-wide extinction of the shallow-water fauna of the Paleozoic, 
After a long, unrecorded interval, the survivors returned to the 
shallow waters of the land, but in modified forms, constituting the 
Triassic fauna of the early Mesozoic era of the world’s history. This 
problem will be more fully discussed in chapter X, and we may here 
say farewell to the Paleozoic world of life, which passed from the 
stage at the end of Permian time, doomed to extinction, except for a 
few favored types which, through the development of peculiar modi- 
fications of structure were able to survive the great catastrophe, and, 
in the solitude of retreat to the parent oceans, await the period of 
resurrection to renewed activity, and the opportunity to repopulate a 
desert world. 


la. 
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93, 
94, 


Page 102, 
Page 107, 


Page 126, 


Page 127, 
Page 135, 


Page 148, 


Page 144, 
Page 157, 


Page 160, 
Page 179, 
Page 181, 
Page 186, 
Page 223, 


Page 232, 


ERRATA 


line 22 from top, for ahem read; them. 

line 12 from top, for tilver read: silver. 

line 9 from top, for latter read: later. 

line 7 from top, for know read: known. 

line 19 from top, for Honan read: Anhui. 

line 8 from top, for Kiangsi read: Kiangsu. 
line 22 from top, for delomitic read: dolomitic. 


line 8 from top, for west read: east. 


line 18 from top, for bua read: but. 


line 4 from top, and line 6 from bottom, for Orthoceras 
chinensis read: Orthoceras chinense. 

under Fig. 64,—same correction. 

under figure 69, for Erech read: Frech. 

No. 39, for 1902 read: 1920. 

line 12 from top, for as well a read: as well as. 

line 12.from top,-for Modiomorpha read: Modiolopsis; 

line 18 - see correction in appendix. 

line 21 from top, for Niagaran read: Monroan (see p. 435). 
line 20 from top. S. bourgeovsi - see correction on p. 435. 

line 6 from top, for Gypidula prexcursor read: Gypidula 
proynostica. 

line 16 from top, for sae read: sea. 

line 2 from top, for bryzoa read; bryozoa; 

line 16 from top, for Tienshan read: Tianshan. 

line 4 from top, for terrestial read: terrestrial. 

line 12 from top, for Atryppa read: Atrypa. 

line 11 from top, for amaliusi read: omaliusi. 

Section, for Frssnian read: Frasnian. 

line 2, line 3, and line 9 from top, for Tauros read: Taurus, 
for Anti-Tauros read: anti-Taurus. 


line 18 from top, for Chalytau read: Chalyktau. 
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Page 235, line 8 from bottom, for p. 229 read: p. 224. 

Page 251, line 7 from top, for (Wutai?) - read: (Wushan?) - 5 lines 
from bottom for Wutai read: Wushan. 

Page 254, Section VII, for Huangshan Series, read: Hungshan Series. 

Page 284, bottom line, for P. sinensis read: P. simensis. 

Page 288, line 1, for Agglomeratic states'read: Agglomeratic slates. 

Page 314, Reference No. 64, for Schenck read: Schenk. 

Page 331, lines 23 and 26 from top, for Shihhotze read: Shihhotse. 

Page 385, under cut, for Fig. 334 read: Fig. 234. 

Page 336, line 2 from top, for Fig. 334, read: Fig. 234. 

Page 339, under cut, for Fig. 335 read: Fig. 235. 

Page 340, line 11 from top, for 333 read: 235. 

Page 359, line 3 from bottom, for These two, read: These too. 

Page 360, line 3 from top, for Sandai Bay read: Sendai Bay. 

Page 364, line 2 from bottom, for Chinglingshan read: Chinglungshan, 
for Chingling read: Chinglung. 

Page 366, lines 1 and 10 from top, for limestone of (in) the Lungtan 
coal. series read: limestones below the Lungtan coal series; 
line 21 from top, for Fauna of Lungtan Coal Series read: 
Fauna below Lungtan Coal Series. 

Page 367, line 14 from top, for (Fig. 257a) read: (Fig. 261). 

Page 368, line 23 from top, for (Fig. 257a) read: (Fig. 261)-In legend 
of Fig. 256, for Chiglingshan read; Chinglungshan. 

Page 369, bottom line, for Tangshanwan read: Tanshanwan. 

Page 370, line 2 from bottom, for Seminow read: Semenow, 

Page 871, “line 15 from top, for Seminow read: Semenow. 

Page 373, line 8 from top, for (Fig. 262) read: (Fig. 263). 

Page 378, top line, for Remeleoceras subquadrangularis read: Remeleoceras 

- subquadrangulare. . 

Page 379, under Fig. 270, for Peioutze, read: Peitoutze. - 

Page 384, line 5 from bottom, for volue read: value. 

Page 385, line 12 from top, for Antung read: Autun. 

Page 392, line 6 from bottom, for tyye read: type. 


Page 394, 


Page 399, 
Page 419, 
Page 435, 


Page 486, 
Page 488, 
Page 444, 
Page 450, 


Page 454, 
Page 475, 
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line 18 from top, for Zalessky (71) read: Zalessky (108). 
line 27 from top, Tangnouola mountain, also written Tannu- 
ola mountain. _ 

line 4 from top, for Taunu Ola read: Tannu Ola or Tannu-ola. 
top line, for Vol. XXL read: Vol. XXI. 

line 8 from top, for Orthoceras chinensis read: Orthoceras 
chinense. 

line 15 from top, for Phacops cf. chinensis read: Phacops cf. 
shanensis. 

line 15 from top, for Orthoceras chinensis read: Orthocerus 
chinense. 

line 21 from top, for Tongkwan read: Tungkwan. 

line 7 from top, for Makon read: Mekong. 

line 10 from top, for col. G. read: col. K. 


line 5 from top, for subcostata read: subcostatus. 


EXPLANATION OF PLATES * 


Prare lI. Map of China, showing the approximate distribution of 
Jand and water (black) in Viséen time. The Chinese basin commun- 
icated with the waters which covered central Asia and Europe, by the 
Himalayan geosyncline on the south and the Nanshan geosyncline on the 
north - but were probably not open to the Indian Ocean on the south. 
The Himalayan geosyncline is represented as too broad, the region 
at Lucknow and Delhi probably being a part of the Old-Land. Typical 
Viséen is found in the Spiti region but is still unknown from regions 
farther east. In Yunnan, at Ta-Shi-Wo, Siyang and Kiitsing, and at 
Weining in Kweichow, Viséen is well developed. That of the latter 
region has much in common with the Choniukou region of Kansu in the 
Nanshan geosyncline, both being characterized by Productus giganteus and 
its varieties. These forms are again abundant in western Sinkiang, 
Yulduz, Utch-Turfan and Kashgar region, and in the Tianshan, and 
regions farther west. In the Mongolian geosyncline Viséen faunas are 
known from Sair Usu and Gasimursk. The waters of the Tsingling 
geosyncline extend north-east to the region of the present Yangtze 
mouths. In this inland sea the Chihsia limestone was formed, charac- 
terized chiefly by corals and by Fusulinella gigas. The mountain ranges 
shown on the map are those of the present day, given for purposes of 
orientation. They are of much younger origin. 


Puate II. Map of China, showing the extent of the marine invasion 
in Taiyuan time. This was the last invasion in early Carboniferous time, 
the region then becoming dry land and remaining so until the beginning 
of Fermian time. ‘The best known basin is that of north China, and the 
most complete sections are found in the vicinity of 'Taiyuanfu. The 
localities of the principal sections in the north Chinese basin and its 
a 2 

* On Plates I-IV, the position of Chitichun Pk. is misplaced. It should be in Lat. 


30° 41 N., Long. 80° 21’ E., immediately south-east of Shalshal Pk. which is approxi- 
mately in Lat. 30° 50’ N., Long. 80° 97 E. i pee 
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extension in the Nanshan geosyncline are indicated on the map. None 
of these however show continuous marine series, but rather a succession 
of marine intercalations between continental beds, which are usually 
coal-bearing. This indicates that the basins suffered a succession of 
marine invasions, with long intervals of continental conditions. The 
“Taiyuan fauna as such, is, however, unknown in the central Asiatic 
deposits and hence we cannot regard the invasions as proceeding from 
that region. At present, it appears that the Taiyuan fauna arose in the 
south-west Chinese basin (Yunnan, Kweichow, etc.) by modification of 
residual Viséen types, and that migrants from this new provincial fauna 


successively occupied the north Chinese basin whenever that was flooded, 


Puars III. Map of China showing the Shansi invasion of the sea in 
Lower Permian time. The easternmost section in which these beds have 
been found is at Chao-Kou-Chuang, while the most extensive development 
is found at Paotechou. Other sections are seen in the Nanshan geosyn- 
cline of Kansu. In Lincheng and in the Shantung localities the Shansi 
series contains no marine beds and near Taiyuanfu it has only one. The 
fauna contains elements of the Russian Artinskian and the west Huropean 
late Carboniferous. It is known from the Tarbagatai and Monrack 
mountain regions of Siberia, and is probably represented in the western 
‘Tianshan and regions farther west. The fauna is unknown from central 
and south China, where Middle Permian beds represent the lowest 
Permian horizon. The only exception to this appears to be in the 
Yunnan and Tonking regions where Lower Permian is found to rest 
‘disconformably on the Taiyuan or older rocks. ‘This, however, carries a 
distinctive fauna and may represent an early invasion of the Indian 


Ocean waters. ‘These beds have also been classed as Uralian by Deprat. 


Pirate IV. Map of China ‘showing the extent of the marine waters 
in Middle Permian time, during the period of the LIyttonia fauna. In the 
south Chinese basin this is represented by the Loping fauna which is 
widely distributed. The fauna is believed ‘to be primarily of Indo-Pacific 
origin, spreading west through the Himalayan geosyncline (Middle 
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Productus limestone) and across Mongolia in the Mongolian geosyncline. 
It has been obtained from the Vladivostok region, from Jisu Honguer 
and from the region of the Khirgiz Steppes, western Sinkiang, 
Ferghana, and farther west. In north-west China it occurs in the 
Semenow and S, Kokonor ranges of the Nanshan chain. In north China 
this horizon is represented by continental beds. Marine conditions con- 


tinued in central and south China to near the close of Permian time. 


Puare VY. Characteristic Sections of the Paleozoic Formations of 
South China. These sections are the result of recent field studies by the 
geologists of the Survey, their interpretation being based on the study of 
the fossils. The location of all but Sect. VII are shown cn the small 
map, the section not indicated, being off the map and lying 370 miles 
south-east of Sect. VI, in south-western Kiangsi. In the Yangtze valley 
(Sections I-V) the Lower Paleozoic is terminated by Silurian shales or 
sandstones (Wutung), and these beds are disconformably succeeded by 
the Chihsia limestone of Viséen age. ‘This limestone is in turn succeeded 
disconformably by different members of the Middle Permian, and these 
by later marine Permian beds. A coal horizon occurs in most of these 
sections near the top of the Middle Permian. In the N.E. Chekiang ~ 
section (VI) and the §.W. Kiangsi section (VII) the Lower Carbonifer- 
ous (Viséen) is unrepresented, Middle Permian strata resting disconform- 
ably (or sometimes unconformably) on Upper Ordovician or on older 
beds. In both sections a non-marine coal-bearing series (Laoho in 
Chekiang, Aochéng in S.W. Kiangsi) underlies the marine Middle 
Permian (Feilaifong-Hsiaochiang) series which begins in both sections 
with the horizon of Orthothetes tingt. ‘he sections are all drawn to the 


same scale, which is indicated near Section II. 


Prats VI, Correlation table of the Paleozoic formations of China. 
In this table an attempt has been made to indicate what is known of the 
Paleeozoic horizons of China. The Yangtze valley sections, columns A-F, 
Column H of the central region and K and L of the south-east border 
region are localized sections, based on recent detailed study by the Survey 
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geologists. ‘The Sections in columns G and I are incompletely known, 
and further study may reveal the presence of other formations corres- 
ponding to those of the better known sections. Columns M-P are 
generalized, covering large areas in south China, north China and Mongo= 
lia respectively, and representing combinations. of sections often from 
widely separated localities. Sections I-VII refer to the sections.on Plate 
V. Horizontal lining indicates. absence of the respective horizons... Vertical 
lining indicates horizons unknown because not exposed. Diagonal lining 
indicates continental formations. Unless otherwise stated the rocks are 


limestones. 


PURLIC LIBS 


Grabau-Stratigraphy of China — ee ch es | | plate I. 


Oy f] \ 120° 138° a 
. = ee Rb LOT a na Eee adil ce ee - 
15° TS hmmareniod A. 2 = z 


— Se 8 


mente Je Minuzingk 
ed he ig = ee NG 


AN GY 


ans baikallig7 
NC ee a ee 


Pha ae ee Os 


* ey a 


Septet Pies 
23 
: e 


YNYHOY 
RED 


\ oe 
BS? 


e 40un ae 


Risin Ho 


a Choution om a 

rE Soe A ee na mat [oc JRE CHW AN: 

icc] : aint : ISL BHUTAN oo AS. oN TY Me cere Mees nanny gh fare Poe 
i CEOS YN CLUN GaN ANd eae 


2 — 


PAL AOGEOGRAPHY 
Ofer 
CHINA 
moat = PNG 
A.W. GRABAU 


| 1924 


UPPER DINANTIAN, VISEEN 


Drawn by KC. Liu 


| Ee ieoeme BY a!  iiteontan me Sn ee oer ‘TS ren So Re ell: Tae we? tw see 


: ~ , - >> 
Mi ot PRT Tes SESE ER aT Ce aR a ER ane erie fa rae a ete even eran ame yt ue meena 


one ws 


Ss pee : z 
7 7 
eed Pie le » 


Gra 


bau-Stra 


70" E 5 


tigraphy of China | 


fs Saar le MinusinSkane 


Akay / 


v ASevIAY 
Scr) 


doun ihe 


: Later Renee uit oe: Se: pas 
Gs ‘Vabke ° Wino 


ONO @ fo}, re 
p Oey en ta 
" 2 ye e G 


S|. GHA 
SoRER VE 


. ut ON 
2 Mn Nea 
- j) MARKING 
“Y*Vehshan. 


ee P| Woonan.t Kernan e’ f 7 ee “pe 
: bas Gaeeer Ss @..8, ay Cae AES se 
CHINA (ize 
aM : za = a” . 


AWM. GRABAU 


ealOr2i4, 
DINANTIAN- TAIYUAN 


___. Drawn by KCL 


lie tat saa ae | mati el = 


— {e 
J } Leipaku 
=: 


ne ON 
\ 


hina 


Grabau-Stratigraphy of C 


+ ii, Bel os - w P * oe 3s = 
Seay : / ~~ e ee eM; Seed i 5k A Sa eee 
A Kf, a / 3 Rt, / ec EU 


e ree te e 
| Mh 
KoBDO 


g 

i Seas 3 

, NY ta 
c¢ ‘ey 


wed 


O% 


| 


a 


Yb A>d F 


HAR-/ 


ah be wae at i475 i CHA 
fy. . Re ; i f 


TisuhHonguer \w~« 
- @ _ 


\ 
4 


vu'D 


fe: aN 
of +1 TffePootechguy 
"Li Chiachy : reg : iN 
RAE é oe : 
a Hing ShanYao PANE { 
e WuWai(Liangchow) PP. Taiyua 
¢ NOW =: ¢ 


: Chon iy K ( ~— 


NAL: 


i +3, Nani 
1S yseYehshansisy 
¥ a eChoutang’, 


2 Hppee, % 
| etd BHA 
FPN 
UN A Wh 1A 


TaN 
uangtupu } 
efits g Pa “a 


Cc HINA 


AW. GRABAU 


1924 


LOWER PERMIAN- SHANSI 


Se peal teed afew Pie! nail 6 vine 


7 ‘ ow 
: F 32 
eS oe 
a oisS 
Sere ror ee! a a ee ne mt 


- Aclon a al ee Pee babii igen, 


thf et 


be 


Tran s<Ba Thalia 


‘4 
eo 


Plate IV. 
Grabau-Stratigraphy of China | ae epee! 
[ae RM oe E staf 3 55° - oe 7 oo ai + ? wings as [~jSeminizinsk oa, ' a Fee | ae E Tn sient: 5 wee fen nn : | 

: a * ‘ | Ae 
‘=; | irr: [aa 
7 / 4 ye Sa Cane AR / : aarad, | ¢, \y A s 
1). Seer: Pi ay ee me — 


: oe sebarde: 
~eSairlsu | fon RL [eee Wage dey RarN 
$y a oN 


: : = sieulongnben a. 


| 


ed 
et 


Bo VNVHIMT4; 


a 
ay 


~ict eats fee oe 
map as haprodehugna 


OS 
N 


Seo 8Sdoune a 
To K v%e °HSinHo 
FesXENn, GOCE Li-Chio-Chuan 
“eo Kp ~ iz 
ae °4Ung Shan Yao 
Wewai (Liang chow} 
S SEP oNivkow 
mA} ae 


rs Pod f jr xg 
S| TIENTSIN 


Pa 


sr aN 
' ae oes 5 on eeu 
CN See f 1 oooal MES ah : 
Choutie ome > ae anking te 
; ee Tag ggbyyagting 
Yebdruiechangsing 


: ts ; eS wan 5a 2 .,J 4 
ny. Siete Ir DS Ni . Ae sral-Lai-Fong 
eo i) oe . 


ad Cin A ’ 
SZECHWANZ > am ait ongsing (ay 
) | a thitiany) S| Seats ca ce S. Peishar atx ei nire 
‘Ty; ot Nie ae Sie Lening PO xe 
‘Tungtze UN A era ge pie 
Rf TAN AN ics ccumeellela 


PALZOGEOGRAPHY JT On iiigie: :  gummim 
OF Slee 52:4, | il <a, 
CHINA 


ra a ty 
AW. GRABAU 2 ot i #8 


t, 
1924 


MIDDLE PERMIAN LOPING 


Drawn by K.C. Liu 
— seecige te ete 


NGTUNG % 
rape ¢ 


ve wee Ce _ rey oe 


A te yee anh + ene a 
=. ; . . ~~ earn rages 
he — = “ 


/ ~ a hk SORT be 


~ 


a 
he 


ARV wcTAn 


SuBR 


2 
6 


Si j Plate V. 
Grabau - Stratigraphy of China. 


Pee Chinglung Cceoneseaes 
Lungtan Coal SE 

soChuanshan L828 

450M. Se 


Ms Peitshan L. 

718-9 400/70 

u7_ Laohu Coal 
—~ — — 180m 


B72 ~ Chihsia. ~— ok 


ME! > 
/ 
/ 
\ 
\ 


ate Bois me Coronacephalus bd) 
= a 47 MO W117 d. k 
anfuense  Tayeh =e JARS Pelecypod hd. 
a AR, the, 
FaoanSh- 
Aamina 


a 


HH] 
LH 
i! 
HH 
itl 
HH 
L/ 
/ 


| 

H 

i 

I 

Hy 

ty 
TI44 7. 


HANS 


S 


Kaochtapen 
hale 
Lunshan L. ; 


TA 
Ht 
Ht 
Hi 
4H 


Hii 
it 


! 


==)Hstaochiang L. 
aa Chihsia L. 


WO-S 
\ 
\ 
\ 


3 
iG! 
) 
\ 


San aes 


Sect V Sect. VI 


SE. ANHur NANKING HILLS NE. CHEKIANG 


00 585 


if 
\ 


4 Sintan Shale 
600m. 418 : 
=\-Lungma-Sh_30M.— — Sa 


sPagéda Limest. 
Weitchla-Shale--—— 


Wushihimén 
Lime. 450M, 


LOWER ORD. UO. SILUR. DIN. MPER. UPPER PERM. RH. 


L Ichang Limest. ———— : . 601 
meaeceeeaees 1250-1680 m, 1000 meters “= Shangchiao Se kreicnow Ee Bon A — 
faonarenese sa Se Series eicuans Stayer 
Sas disconformity ae QE 1800m. b | 
{== Shipat Sh, 200m. 500 meters \ |: 
= z ° : S& = ? = Saar 
x Tong iy L. ps iS Sy = 
S =A Tonthanto Ser: 198m Ga ALO G 
SE PLGRY Nantou Tillite 83m. 
Secrl Pe SGIEIT Secr. Hf | MAP oF YANGTZE VALLey REGion —- Sect, 


SINTAN SE. HuPEH NWAIANGSI SHOWING LocaATION OF SECTIONS. .  S.WKIANGSI 
| Craracrmristic Sections or THE PaLaozorc Formations or SourH CHINA. . 


I, Lee & Chao (48005 *1H#P) ; I, Liu & Hsieh (HAE fe PACA) ; TI, T. C. Wang (EPH); IV, Li & Yih (4H WE PLWH); V, Liu, Yih & Chao (MIZE He PRG ANU) ; VI, P.O. Chu CREE): VIT, T.C. Wang (EAH) 


Grabau-Stratigraphy of China 


oy FR FR we Bre RR 
CORRELATION TABLE OF THE PALAOZOIC FORMATIONS OF CHINA 


BY A.W. GRABAU | 
S.CHINA MONGOLIA 


Plate VI. 


NORTHERN BORDER REGION, YANGTZEVALLEY 


A 


CENTRAL REGION SOUTH EAST BORDER 


LOCATION OF D F G a T K ae M oO p 
ICHANG GORGE N.W. KIANGS! S.E- ANHUI | NANKING HILLS LOPING MONGOLIAN 
Ba Kw ING .E. CHEKIAN YUNNAN SHANSI KANSU 
SECTION S.WANHUI SECT II echE SECT. V KIANGSI ANHUL HsIsHAN KiANGsu| SECT | > Seetvn N.W. KWEICHOU CHIHLI GEOSYNCLINE 


WY, “Z, Y 
Shichienféng 
Continental 


UY 


Continental 
i ous rock: 
Soe eee 


TAYEH 6 


Peishan 3ru| Shipi. 2&1 Chinglung U, 


Cont inental 


| SS | a a a ee ee Neoschwagerina 2 I ———————————— 
Z PAOAN hE Site Paoan sh. &R ? Paoan Sh  -® 7 2 Sumatrina beds Continenta —— 
= HSUANCHIN @ := Peichien ae fii _————— 
2 HSIAOCHIANGH = Tanshan Coal % 4 |Laohu coal #7tu | Hsuanchin coala :s | Lungtan Re : 

—= UYangsi ai | U. ay [U-Tsoshan ws [Kooféng 3a Verbeckina Shihhotse 2 
f.|Q|CHANGSING & ® pateasing cee Chuanshan #3 us Limest. 


Aochéng HK 
Coal series 


Loping # | Loping 
es 


| Talapai 
Shansi 


i 
/ 
4 
‘Ml 


Mt 


Hee 


tn 


Te: 


[u. [LJMju|e]Mju}/LMJupper| L.[™.[U.] L.] mMipDLe | upper 


Lun shan 


Kinshan #4 w 


& _————— 
& ———— 
a ed 
or Ea 
<L SSE 
Oo ————— 
= SS ——— 
E | ——= —— ; oe aiyuan Ser. & # | Taiyuan xz RR 
2 LYangsing #ar|L.Tsoshan %%w|Yehshan  stw-#|Chihsia WH ESS ———SSSSSSSS 6: (| Weining RE Choniukou 2#% |SairUsu ~ 
————————— SS : 
—— === SSS SS == ————— nn 
es ———————————— ———— 
SELLS SSS SSE ———— SSS = SSS i ee ———— an i 
rf ss E_E___=__=_=_=_=_=—=_============—_—||=======a=== Ss ee Tahiti Gr. ————<————— FRasnian 
a SSS SS SS SS ——_— SSS SS [Kkitsing eg. = 5 
rr SSS SSS_=_=_=_==—===== _———————— ELE SSS 
7 —_—E————— ns ———SSSSSSS=E_ EE _SS=_=====ananaBnB9aE — << ————— fb i LL ———$$—$——————$ 
SS —————— EE__———_____a_L_=== MiaokaoGr. »au anna 
_———————— SS=====SS=====S___————_||||=gS==————=—== — — SSS 
A sq [Sintan sh. me Fuchin sh. =P =u [Tunskwen 20 |Wotung 53. am SS 5S ———— 
®/A/FUCHIH  & & Pingpa i. Fj |Fuchih sh. @:|Yaishan = # wb eee —— a AAA _ eas SS ([MientienGr.e & ESS S==== 
a= Ms Pagoda g 4 _ [Pagoda OR Ee —— _SSSH___H\hhhSS-_--=S_=_-==_-_-_||S-L===__S_== 
>\D|NEICHIA X Rt Schia cho aeu|U-Kinshan #8 ul Se ae _———— Kinshan. #4) i ; ————— 
(oy : : SSS—S=S== a sy Machiakou .&222% | pingliang . 
ols ee " ————e eee SSL S==SE_EE==== Maclurea L. —— 
o ————— — SSS SS === ——SSSS====— 
(o) i; SS Sa ees eS as 


~ 
ae 
E 


i 
| 
it 
ll 


Shimenchai Gr&nz 


kaoli aa B 
Chaumitien x6 
Kushan 

nghia L. 


Manto [aes 


ul 


IU 


Wushihmén #25FrA 


J 


| 


- qs mw e{bL.Kinshan #4 w 
ICHANG  & &|Ichang = = mmo 'afan es 
SHIPAI — Jo }RIShipai sh. xr9w | | 


Redlichia sh. 


SSS 
[eee 
SS 


Ancient 
Phyllites 
etcr 


— SSS 
——————————— 
— 
SS 
—————— 
st 
_—————————— 
ee ee 
aa 
beer 


Hsiamaling sh. 


Shangchiao tu 
NankouL. 


isan eS aS 
Rina te mw _———< = =| = asal sandstine 


Algonkian or Archean} Archaan | Archean? Archean Archean? | Archean Archean Mongshan Archean | Archean? | Archzan? | Archean Archean? |WutaiorTaishan) Nanshan | Archean 
a Rous 
: Lee % Chao C.Y. Hsieh Liu & Hsieh T.C.Wan Li «Yih Liu, Yih & Chao |V.RichthofensWong] Li & Yih Liu s Hsu etc.| T.0.Chu Ce Ting & Deprat |Norin, GrabausS i i 
Authority Fok my 2 RAR BIR MRA eer ie Si Rem | WER Re ee | Fae axMT | Fae RRM MER ARIE RG Zt Tee mee | seas ENE eetD eee PS ees 


' 


Pe 
a 
= |= 
3] 
ll 
z 
7p) 


E> 
| 

eet 

ee 

Se 


| 
ll 


El 
A 
4 


pe pan andes ttl tenner liane 


is 


i 


AZ 
NAH? 


= 


Ao MOTTA 
USiTSA2: 
t 


S AleHin 


FENTAMAGT- 


cacleuW req 
meer See 


WATS | 
&. #988 


ROR 


id - 


STATE LIBRARY OF VICTORIA 


ENON 


OTHER PUBLICATIONS OF THE GEOLOGICAL SURVEY OF 


CHINA, ON STRATIGRAPHY AND PALASONTOLOGY 


(Tur Fur, Tires ARE GIVEN UNDER THE RESPECTIVE BIBLIOGRAPHY ) 


No. 


No. 


No. 


No. 


No. 


I. Bulletins 


1. Contains papers on Jurassic coal series of Yu-Hsien, Yang- 
Yuan and Kuang-Ling, (Tina & Coane); Jurassic of Sui- Yuan 
(Wona & Tsao); Carboniferous and Cambrian of Lin-Yu- 
Hsien, Chihli (Ym & Liu); Carboniferous coals ete. of Northern 
Anhui (Lr & Cuao); Carboniferous coal series of N. W. Che- 
Tiare (N-TeD) oe eo I Se ier eS ee Price $1.80 
2. Contains papers on aIer us sinensis and on Permian fauna 
of Kaiping (Grapau); Permo-Carboniferous stratigraphy of 
western Kiangsi (1. C. Wana) and mineralogical and economic 


DE DOTS Be eee Sere eae es en eee ean tenes one Pee Price $1.50 


3. Contains papers on Tatung coal field (Permo-Carboniferous 
and Jurassie) (T. C. Wana); Permian coal series of Lei- Yang- 


Hunan (T. 0. Cuu), and economic, petrographic and seismolo- 


9 (8 0 0): eee Price $1.50 


4, Contains papers on late Dal oreie and early Mesozoic 
stratigraphy of Shansi (Norin); Carboniferous coal series of 
Shantung (Tan); Ordovician-Permian stratigraphy of Chimen- 
chai N. BE. Chihli (Marareuv); Permo-Carboniferous strati- 
graphy N. W. Shangi (T. C. Wana); Eocene fresh water Mol- 
lusea (OpuNER);Archzean to Permian of northwest Chihli (C. 
Len) RAT MGCONOTNICRDA DEISie sheeete terete re seme nen tee Price $1.80 
5. Pt. I. Contains papers on Chinese Atneolithic culture 
(Anpersson); Tertiary vertebrate deposits of Shansi and Chihli 


(Zpansxy); New ‘lertiary Rhinocerotid from Shansi poe 


See) tao ea ee rr iio gia chins Price $1.80 


.5. Pt. II. Contains papers on Mesozoic and Vertiary of Shan- 


tung (Tan); Lower Cretaceous plants of Shantung(CuHow); 4 
papers on Cretaceous fossils of China (GRABAU) ......... Price $1.20 


Il. Memoirs Series A. 


.1. Geology of Western Hills of Peking (Yir).............. Price $2.00 

.2. Tron Ores of Ghina (much stratigraphy). With Atlas. 
(SREGENG REND see neh renee ee Pe rR ace es Price $16.00 

. 2. Cenozoic of Northern China (ANDERSSON) ......-2:+00+- Price $2.50 


. 4. Preliminary Report on Geology and Mineral Resourses of 


Kiangsu (Lu & CHAO) .....:.0ice05 sseeeeeee ceeeeseeseeeeeteores Price $1.50 


eet 


~ 

“pitsie sti 
eng 

pS 


